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GENTH’S TYPES! 


In the purchase of a large lot of specimens, constituting the pick of everything 
of historical or specimen value, in the collection of the late M. E. Howell, we are 
able to afford our customers a rare opportunity to acquire certain choice things 
possessing unusual merit. These are no less than the original specimens (or 
portions of them) described by the late Dr. F. A. Genth, and later presented to 
Mr. Howell. Many are excellent crystallizations, others mere fragments. The 
collection covers the period about 1860-95 and includes, besides this series of 
“notables,” many fine European things gathered by Mr. Howell and his brother 
Prof. S. B. Howell, who formerly occupied the chair of Mineralogy in the Uni- 


versity of Pennsylvania. 
collection will be as rapid as that of the ‘* Trautwine,’ 
The labels are scientificaliy exact, the words ‘“‘Genth 


importance remaining. 
in Prof. Howeli’s handwriting being not infrequent. 


Type” 


There are few duplicates and the distribution of the 
’ of which there is little of 


(> Send us your desiderata list, as some of your wants are doubtless in the 
The following list may be “a word to 


collection, though not enumerated here. 
as to the character of the collection, and the advisability of writing at 


the wise ” 
once. , 


A Few Typical rarities from the Howell collection: 


Tellurium, 
Amalgam, 
Arquerite, 
Dyscrasite, 
Huntilite, 
Domeykite, 
Tin, 
Palladium, 
Pentlandite, 
Whitneyite, 
Chilenite, 
Hessite, 
Altaite, | 
Naumannite, 
Lehrbachite, 
Zorgite, | 
Stromeyerite, 
Sternbergite, 
Polydymite, 
Grunauite, 
Linnaeite 
Carrollite, 
Barnharatite, 


exchangeable or collectable. yielded a large consignment just in. 


Lillianite, 
Rammelsbergite, 
Voizite, 
Livingstonite, 
Rezbanyite, 
Sartorite, 


Galenobismutite, 


Alaskaite, 
Miargyrite, 
Plagionite, 
Binnite, 
Dufrenoysite, 
Schapbachite, 
Bjelkite, 
Freieslebenite, 
Wittichenite, 
Aikinite, 
Pyrostilpnite, 
Rittingerite, 
Geocronite, 
Lautite, 
Zanthoconite, 
Tysonite, 


Matlockite, 
Mendipite, 
Schwartzembergite 
Percylite, 
Tallingite, 
Fluellite, 
Bismite, 
Stetefeldtite, 
Plumboferrite, 
Alexandrite, 
Brucite, 
Parisite, 
Thermonatrite, 
Liebigite, 
Castorite, 
Barsowite, 
Babingtonite, 
Uralite, 
Riebeckite, 
Tritomite, 
Meliphanite, 
Kaliophilite, 
Hortonolite, 


SIX WEEKS IN TASMANIA 


and a careful search on the part of our collector for good things—purchasable, 


Knebelite, 
Dioptase, 
Stolzite, 
Romeite, 
Guarinite, 
Johannite, 
Hielmite, 
Caledonite, 
Rose Apophyllite, 
Pucherite, 
Sombrerite, 
Apthitalite, 
Bergmannite, 
Trigerite, 
Phosphuranylite, 
Rhabdophanite, 
Wvodwardite, 
Fauserite, 
Volborthite, 
Beudantite, 
Planerite, 
Roselite. 


It includes : 


Two specimens of the rare “‘ Dundasite ”’ ; a lot of neat cabinet size specimens 
of Stannite (practically unknown except from Cornwall, until our introduction 


of this find). 


size than formerly seen. 


Crocoite. 


ones were purchased. 


stock permitted 50% reduction on last year’s prices. 
Anglesite, Massicot, Gibbsite, Pyrolusite, Iridosmine, etc. 


tallizing freely in cavities. 


FRANKLIN MINERALS. 
We have just secured and placed on sale a few good specimens of the very rare 
and curious new types of Zincite pyramids and Chalcophanite rhombs crys- 


Choice crystals of Franklinite, 


A lot of the new type of dark brown, brilliant Axinites, of larger 


Only inferior specimens could be collected, but a few very fine 
This mineral is getting rarer, although our replenished 


Rhodonite 


(including massive specimens of a lovely pale pink shade), Green Spinel, 


Willemite, etc. 


Native Gold in Quartz, near Washington, D. C. 


some specimens from the Montgomery Mining District, Montgomery Co., Md. 
[=~ Price Lists and Circulars Free. 


SYSTEMATIC COLLECTIONS. 


Dr. A. E. FOOTER. 


WARREN M. FOOTE, Manager. 


Several very hand- 


Choice Mineral Specimens for Scientific and Educational Purposes. 


1317 Arch Street, Philadelphia, Pa., U. 8. A. 
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Art. VIII.—Lotatory Polarization of Light in Media Sub- 
jected to Torsion ; by ARTHUR W. EWELL. 


Ir is stated in Verdet’s Lecons d’Optique Physique* .that F. 
E. Neumann demonstrated mathematically that the plane of 
polarization of a linear polarized ray, propagated parallel to 
the axis of a twisted cylinder, is rotated proportionally to the 
length of the cylinder and the angle of torsion. Verdet 


remarks that although this result is probably correct, experi- 
mental verification is very difficult and had been sought in 
vain by Neumann and Drion. In the bibliography at the 
close of the chapter in which these statements occur, three 
references are given for Neumann’s paper. Onet relates to the 
original memoir, the other two to abstracts containing noth- 
ing additional. 

In this memoir, from the strains when the torsion is small 
(and when consequently the cross sections remain sensibly 
plane), Neumann obtains an equation which gives a rotation of 
the axes of double refraction proportional to the length of the 
cylinder and in the same direction as the twist but independent 
of the magnitude of the twist, for rays at an angle with.the 
axis and whose plane of incidence does not include the axis. 
If the plane of incidence includes the axis or if the ray is 
parallel to the axis, his equation gives no rotation of the axes 
of double refraction. Neumann does not state clearly whether 
he considers that a rotation of the axes of double refraction 
implies a rotation of the plane of polarization. A careful 
search failed to bring to light any memcir by Drion on this 
subject or any other memoir by Neumann. 


* Vol. ii, p. 389. 
+ Abhand. d. kénigl. Akad. d. Wissen. zu Berlin, 1841, Part II. 
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I have found but one other memoir directly on this subject. 
In a paper on torsion Wertheim* describes the optical charac- 
teristics of twisted glass cylinders. Glass rods, about 30™ 
long and 2“ square were annealed until they showed only a 
faint cross when viewed between crossed Nicols. A double 
refracting plate giving the sensitive tint was placed between 
the polarizer and the end of the glass bar. If the analyzer 
was set at right angles to the polarizer, of the four quadrants 
into which the dark cross divided the cross section of the 
prism, two diagonally opposite were green and the other two 
yellow. If the prism was twisted, the cross left the center, 
which became yellow if the twist was to the right and green if 
to the left. However, almost identical results were obtained 
when the bar was simply rotated to the right or left without 
twist, whence Wertheim concluded that torsion simply pro- 
duced double refraction, positive or negative, according to the 
direction of the twist. Wertheim was much disappointed in 
his experiments and considered that they decided nothing about 
the properties of perfectly homogeneous bodies subjected to 
torsion and that they neither verified nor disproved Neumann’s 
mathematical results. 

An interesting parallelism with the action of light in a 
twisted medium is Bose’st experiment in which he found rota- 
tion of the plane of polarization of electro-magnetic waves, 
traversing a twisted cylinder of jute fibres parallel to the axis. 
If the twist of the bundle of jute fibres was reversed the plane 
of polarization was rotated in the opposite direction, but Bose 
does not state whether the rotation of the plane of polarization 
was in the same direction as the twist or in the opposite direc- 
tion. The analogy to light in a twisted medium must not be 
carried too far on account of the great difference in wave 
length of the disturbances considered and in the character of 
the media. 

I first studied the effect of torsion on the optical properties 
of a rectangular glass bar made by Duboseq of Paris, 15° 
by ,.12™" by 7". The ends of the bar were placed in thin 
wooden cylinders with rectangular apertures slightly larger 
than the bar. These cylinders were grasped by iron clamps 
attached to long levers by which the torsion was applied. The 
clamps could grasp the cylinders in any position and thus the 
bar could be studied in different azimuths. This bar showed 
no dark cross when placed between crossed analyzer and polar- 
izer, but was dark along the edges. The bar was tested in 
both the Laurent and Scheibler polarimeters, and although the 
phenomena were not as distinct as was desirable, and varied in 

* Ann. de chim. et de phys., iii, 1. 1857. 
+ Proceedings of the Royal Society, vol. lxiii, 1898. 
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amount in different azimuths, there seemed to be an unqnes- 
tionable rotation of the plane of polarization in the opposite 
direction to the twist, for rays parallel or nearly parallel to the 
axis of torsion. Before any careful quantitative measurements 
had been made the bar became suddenly very doubly-refract- 
ing, so that on twisting, the only optical change was a clearing 
up of the center for all azimuths, suggesting the phenomena 
observed by Wertheim. Soon after it broke. As this bar 
originally showed no dark cross, more promising results could 
have been expected than Wertheim obtained with his glass 
bars and the observations were certainly very suggestive of 
rotatory polarization, if not decisive. 

Four circular glass cylinders, 4 to 6™ long and 7 to 8™™ 
diameter, were examined between crossed polarizer and anal- 
yzer and all showed the dark cross and rings. One even 
showed the double set of rings and dark hyperbole of biaxial 
erystalline plates. The best of these cylinders was heated 
twenty-four hours in a furnace and carefully cooled. Although 
one end had been partially fused, the cylinder still showed a 
cross, but fortunately too faint to seriously disturb observa- 
tions. Thin wooden cylinders were cemented to the ends and 
could be grasped in any position by clamps attached to long 
levers. The torsion was applied by weights hung on these 
levers 18™ from the axis of the glass cylinder. Observa- 
tions were made in the Scheibler saccharimeter for each twist- 
ing moment at azimuth intervals of 45°. In each azimuth five 
readings were taken. 

In most of my experiments considerable double refraction 
appeared on twisting. This would increase in some azimuths 
and decrease in others the effect of any rotatory polarization 
which might be present, so that there resulted some irregu- 
larity in the observations in different azimuths. Since there 
is nothing in a double refracting substance to distinguish clock- 
wise and counter-clockwise rotation, if the average of the 
observations in many different azimuths indicates a distinct 
rotation of the plane of polarization, the medium must possess 
rotatory polarization. 

In Table I are tabulated the observations with this glass 
cylinder. The first column gives the number of the experi- 
ment, the second the leagth of the cylinder where the twist 
could take place, that is, the distance between the wooden 
cylinders cemented to the ends. After the tenth experiment 
the cylinder was fractured near one end and when repolished 
was about 1° shorter. The twisting moment per centimeter 
of length is given in the third eolumn in gram-centimeters. 
The fourth column gives the rotation of the plane of polariza- 
tion per centimeter of length, after applying the index error of 
the instrument and reducing the results to angular measure. 
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TABLE I. 

IV. 
0°-001 
—*022 
—*062 
— 
—°*242 
—*006 

002 
—'014 
— 
—°042 
—*25 


+ 


ANNEALED CIRCULAR GLASS ROD. 


Abscissas represent twisting moment per centimeter of length. 
Ordinates represent rotation of the plane of polarization per centimeter of 


%, 
5 
“ 
“ 
“ 
10 
11 4 
12 0 
13 — 2250 04 
14 —3150 
15 wd 0 "10 
16 3150 
17 0 —01 
18 4500 —1°31 
Fig. 1. 
4 
+144 3 
length. 
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Numbers without the negative sign are always positive. 
The positive direction of twist and rotation is taken through- 
out this paper as the direction which appears counter-clock- 
wise to one looking in the direction of propagation of the ray 


of light. 


Azimuth. 


4 
4 
37 
4 


Azimuth. 


TABLE II. 
Experiment 14. 
Twisting Moment per Centimeter = — 3150. 


3°7 3°6 4°7 4°2 
1°8 


— 4°34 


Mean =2°65 
Experiment 16. 
Twisting Moment per Centimeter = 3150. 


—10°3 
—3°2 —2°1 


Mean = —5'72 


These results, excepting those of the last experiment, are 
given graphically in Fig. 1. The results of the last experi- 
ment are uncertain since the cylinder broke after readings had 


Mean. 
2°06 i 
2°6 2°2 13 1°50 
7°2 8°0 7°6 8°2 8°7 7°94 
8° 8°6 8°7 8°7 8°8 8°56 
1°6 17 1°9 1°7 1°82 
—3°9 —4°8 —36 —5° 
Mean. 
— —6'1 —4°1 —2°9 — 4°58 
4 4 
— —11°8 —10°4 —11°2 —10°S —9°8 — 10°80 
2 
37 
—11°7 —11°3 —10°'4 —9°8 --10°98 
5a 
— —9'6 —7 —5°3 — 7°92 
4 
37 
——I1° —86 —76 — 9°26 
2 4 
—'8 —2°4 —1°8 — 2°06 
| 
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been made in only two azimuths. The actual twist of the rod 
was always very small, not exceeding two degrees. The results 
indicate a rotation in the opposite direction to the twist which 
becomes very pronounced when the twist is large. 

To illustrate these observations, the readings in experiments 
14 and 16 are given in detail in Table II. The first column 
gives the azimuth, that is, the angle between the initial plane 
of polarization and an arbitrary radius of the glass cylinder; 
the last column the mean of ‘the preceding five readings in 
units of the instrumental scale. The irregularity in the ‘read- 
ings for a constant azimuth is due to the opacity and lack of 
homogeneity of the cylinder, which made the setting of the 
compensator somewhat rough, and the variation in different azi- 
muths is due to double refraction. Although there are these 
large variations I think the final means have a qualitative 
value. The diameter of this glass cylinder was 7°55"". 

Glass is an unsatisfactory material for these — 
since it breaks easily and usually shows double refraction, 
that observations are difficult. Agar agar, gum s ands, 
gum Arabic, Burgundy pitch, borax glass and gelatine were 
carefully tried, but gelatine alone was found satisfactory. 

Square glass plates were cemented to the ends of moderately 
heavy but soft rubber tubes a few centimeters long and 12™" 
external diameter. Gelatine was reduced to a jelly by adding a 
suitable quantity of water, with gentle heat, and poured into 
these tubes through a slit in the side and allowed to cool. One 
of these square glass caps was placed in a square aperture at 
one end of a rigid frame. Over the other glass plate was 
slipped a circular wooden disk with an opening in the center 
slightly larger than the glass cap. The jelly tubes were 
twisted by turning this wooden disk in the frame. When the 
proper torsion had been secured the disk was clamped and the 
position of the analyzer read for sixteen different azimuths of 
the frame relative to the initial plane of polarization. The 
edge of the disk was graduated and enabled one to determine 
quite accurately the angle of torsion. The jelly was examined 
with a polarimeter, the» polarizer of which was a reflecting sur- 
face of black glass and the analyzer a Nicol mounted on a 
graduated circle. A biquartz giving the sensitive tint was 
placed above the polarizing surface, and the substance to be 
examined between the biquartz and the Nicol. The jelly must 
be supported in flexible tubes of considerable stiffness. Inde- 
pendent cylinders of jelly were tried, and jelly in thin rubber 
tubes, but the weight of the jelly and its freedom of motion 
produced such double refraction that no observations were 
possible. The independent cylinders of jelly cracked under 
very slight torsion. Thin paper tubes were tried but found 
unsatisfactory. 
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In Table III are tabulated all the observations with jelly 
tubes. Some tubes were found so double refracting or opaque 
that determinations were impossible, but the observations are 
recorded for every experiment where readings could be made. 
The first column gives the chronological number of the experi- 
ment, the second the number of the jelly tube, the third the 
length of the tube, the fourth the twist per centimeter of 
length. ‘The fifth column gives the rotation of the plane of 
polarization per centimeter of length. The readings in brackets 
for the jelly in its initial condition, before any twist, give the 
natural negative rotation of the gelatine, if it is pure, or the 
resultant positive rotation if sugar has been added. This 
initial rotation has been subtracted from all the readings with- 
out brackets so that the unbracketed nambers give the rota- 
tion produced by the twist. Each number of the fifth column 
is the mean of readings in sixteen azimuths. 


TABLE IIT. 
¥. ITI. 
(0°-63 38 1°55 
39 “ 
40 
41 
42 
43 
44 
45 
46 
47 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


— 
w bo 


Il. III. iv. IV. V. 
5°5 15 0 (—1°-86) 
4 0 27 —1°7 
0 0 ( 1°8) 
0 20 ‘96 
“ 15 —20 
2 Ms 23 0 (—1°6) 
“ 14 —5'l 
j 3 —18 —14 06 
0 0 (—1°3) 
18 (*88) 48 10 2°5 
“ “ 0 ( °5) 50 11 62 0 (—1°9) 
14 “ “ 18 (—*27) 51 “ 6 3°7 
15 4 “ 7 (1°15) 52 “ 1°8 
0 (1:08) 53 12 1°55 0 (—1°02) 
17 —9 (1°06) 54 “ “ 14 —"03 
5 18 3 ts 0 (‘32) 55 “ “ —14 1-28 
19 “ “ —7'6 “13 56 “ 27 15 
20 “ “22 57 27 —2°3 
21 58 “ 1] —6'9 
22 “ 0 14 59 “ “ 21 
23 —01 60 —4] 17°6 
24 “ “ 15 —0l 61 13 2°07 0 (—°87) 
26 “ 31 —1°84 63 10 — 05 
27 = 1:98 64 “ —20 2:04 
28 “ 0 65 “ 20 —18 
29 0 02 66 ‘ 31 
30 5 6 0 67 “ “ 1°8] 
i 31 “ “ 68 5°49 
32 6 4 0 (—1°2) 69 “ “ 51 —1°47 
33 52 70 14 0 (—1°18) 
36 “ “ —52 ‘01 73 1°67 
37 2°4 74 14 —2-98 
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104 

105 

106 

107 

108 

| 109 

110 

111 

112 

| 113 

114 

115 

116 

117 

118 

120 

121 

122 

123 

124 

125 

126 
100 127 
101 | 128 


Tubes 1, 2, 3, and 5 were filled with a commercial prepared 
calves-foot jelly, flavored and sweetened. The jelly in tube 1 
was too liquid, and the changes in the position of the analyzer 
are due to temperature changes and other disturbances. A 
small bubble of air was present in tube 2. The rubber tube of 
experiment 5 was 3™ in diameter. It gave way after the first 
twist. Tubes 4, 6-16, 18-23, contained a jelly made from 
specially refined calves-foot gelatine. The jelly did not cling 
to the rubber tube or glass plates of tube 4. Tube 6 had a 
ring of blotting paper around the inside of each end to secure 
better adhesion. The observations of experiments 37-46 were 
somewhat uncertain on account of double refraction. The 
readings with tubes 10 and 11 are unreliable. In successive 
azimuths the position of the analyzer might change from +50° 
to —50° owing to great double refraction. Tubes 6-11, 20-23, 
were filled with very stiff jelly. In tube 18 the jelly was so 
liquid that it did not cling to the rubber walls or glass and con- 
sequently no careful reading of the torsion was made. Tube 
17 contained very stiff French fish gelatine. After the experi- 
ments with this tube it was foynd that the polarimeter had 
been disturbed and that the analyzer and polarizer were parallel 
when the analyzer was at 11°°7. This probably occurred after 
the zero reading and this is assumed in the fifth column, but 
on account of this uncertainty this tube does not appear in the 
plot given later. Tubes 2, 3, 5-9, 12-17, 19-23 show clearly 


75 14 3°1 20 —10°9 102 16 6°2 —14 4°°38 
76 —20 13°7 103 sig 14 — 1°97 
17 —3°17 
—17 6°06 
17 2°07 0 (—1°7) 
—20 1:2 
“ “ 20 
51 
a 0 3 
18 0 (—*4) 
“ “ 0 “94 
19 20 (—1°8) 
—20 (1°7) 
" 0 (34) 
20 207 0 (—*78) 
20 —4°37 
—20 1°15 
21 a 0 (—1°36) 
“ 90 —°98 
41 —20°6 
22 0 (—1°6) 
90 —9°79 
23 3°] 0 (—71) 
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rotatory polarization in the opposite direction to the twist. 
The observations with tubes 3, 5, 6 (except the last experiment), 
12-16, 19-23, are entitled to the greater confidence. As is 
remarked above, there is some uncertainty about the readings 
with tubes 2, 7-9, 17 and the last observations with 6. Tubes 
1, 4, 10, 11, 18 do not show rotatory polarization in the oppo- 


Fig. 2 


| 


CALVES-FOOT JELLY IN RUBBER TUBES 


Abscissa3 represent twist per centimeter of length. 
Ordinates represent rotation of the plane of polarization per centimeter of length. 
Numbers siguify number of jelly tube. 


site direction to the twist, but these observations were marked 
at the time they were made as very uncertain. The observa- 
tions with the tubes for which the results have no uncer tainty, 
and with which readings were made with more than one posi- 
tive or negative twist, are represented graphically in fig. 2. it 
was interesting to notice that the jelly behaved as an elastic 
solid and did not flow with time as a semi-flnid. The rotation 
only slightly decreased when a severe twist was continued for 
hours, and when the twist was removed it nearly returned to its 


; 
| 
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original natural rotation. Experiments 28, 29, 35, 88, 91, 94, 
128 show a small residual rotation after a large twist, but 
experiments 84 and 86 do not. Observation 60 was made 15 
minutes after observation 59; 77, 2% hours after 76; 90, 23 
hours after 89; 93, 48 hours after 92; 127, 2? hours after 126; 
the torsion having been kept constant during these intervals. 
These show a slight decrease in the rotation if the twist is con- 
tinued for some time. 


Fig. 3. 
| — 
3 = —21° oO 
it 2 > 
id q 
¢ 
—30° 
TH 
—40° 
63° 
—50 
EXPERIMENTS WITH JELLY Tube No. 14. 
TABLE IV. 
Azimuths. 
0" 70 —4°6; 3°3 3° 18 | 39 3:9) 3° | 2°2) 3°3) 4°7/—3°T 
21 3°6) 1°3) 1°1 | 2°9|) 5°2) G1 6: | 46) 3°2) 4°99! 6:3, —4°4 
—21 72; —24) 1°3) 1° | 1°6| 2°3) 2°83) 1°4) 2°2) 1°9/—1°95 
—42 10°2)11°3 1€°3.11- 10°2:13°1 11°8.10°3 10°9 
42 3 74 —20/13.2 6916 12°2 49 4°9' 20 13:1) 76 9921°4 —13° 
63 = 75 —45 45 41 44 43! 46 47! 48, 39 49) 42! 37) 39 47 |—378 
— 63 16 41; 38 | 35 34 | 41| 42| 43) 41; 39! 41 39" 
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To illustrate the character of these observations the readings 
with tube 14 are given in detail in Table IV and graphically 
in fig. 3. The abscissas are azimuths, that is, the angle between 
the initial plane of polarization and an arbitrary radius of the 
jelly cylinder. and the ordinates are rotations of the plane of 
polarization. The variation in different azimuths with these 
jelly tubes is very much less than with the glass cylinder. 

The effect of torsion in directions perpendicular to the axis 
was studied in the glass bar made by Duboscq and in a jelly 
tube with glass windows on the sides. No effect was apparent 
if the glass bar was exactly perpendicular to the ray of light 
and with the jelly tube the double refraction was too great for 
satisfactory observations. 

These experiments demonstrate that torsion produces rota- 
tory polarization in the opposite direction to the twist. The 
curves of fig. 2 indicate that the rotation of the plane of polari- 
zation is a function of the twist of degree higher than the first. 

It is difticult to find any satisfactory explanation for these 
phenomena. Crystalline plates helically arranged rotate the 
plane of polarization, but these phenomena do not seem analo- 
gous. In the jelly tubes there could not bave been originally 
any uniform mechanical difference of structure in directions 
at right angles to the axis of the tube and no such difference 
could be produced by the torsion in the case of glass, Even if 
each cross section was analogous to a crystalline plate the 
helical change of position of the axes would be continuous and 
not by steps, as is required in Mallard’s theory of this rotatory 
polarization.* Nor can the phenomena be explained on the 
basis of a structure of helical tibres, for we cannot imagine 
jelly possessing a fibrous structure, and if we could the twisted 
fibers would be straight and not helical in distances comparable 
with the wave-length of light. 

Excessively large twists were used in the experiments with 
jelly. Wertheim demonstrated experimentally in the memoir 
already referred to, that under large torsion a cylinder is short- 
ened, the contraction being proportional to the distance from 
the axis. This longitudinal pressure with the torsion stresses 
would give a component stress in normal sections, but it woald 
seem as if the conditions would be the same for either clock- 
wise or counter-clockwise circular vibrations in these normal 
sections. 

This investigation substantiated the statements of Verdet 
and Wertheim that the difficulties encountered in the choice 

of a proper material for experiment are very great. In jelly 
supported in rubber tubes a satisfactory combination was found, 


* Ann. des Mines, VII, xix, 1891. 
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and the observations with jelly, corroborated in the glass, demon- 
strate that torsion produces rotatory polarization, the rotation 
of the plane of polarization being opposite to the twist and a 
function of the twist of degree higher than the first. 

In conclusion, I wish to express my thanks to Prof. Wright, 
who suggested the subject and the general method of the w ork, 
and who afforded me all possible facilities for conducting this 
investigation. 


Sloane Physical Laboratory, 
Yale University, June 22, 1899. 
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Art. 1X.—Lichenaria typa W. & 8.; by F. W.SArDEsON. 


THE purpose of this article is to redescribe an important 
Tabulate coral from the Ordovician fauna of Minnesota, which 
has been wrongly referred. It is one of the oldest known 
Tabulata and its remarkably simple structure may be primitive 
to that of many others. Itshould therefore be given considera- 
tion whenever the question of origin and affinities of such 
Tabulata as /Heliolites, Favosites, Syringopora, et al., is dis- 
cussed,—a question upon which paleontologists seem to be not 
of one opinion. Lichenaria presents some special evidence 
touching the origin of mural pores as seen in many Tabulata, 
and some remarks on that subject will therefore be added to 
the description. 

Lichenaria typa W. & 8., with Protarwa vetusta H. and 
Aulopora trentonensis W. & §., occurs in the lower part of the 
Galena (Trenton) stage, i. e. at about the exact horizon of the 
Black River formation of New York. Its occurrence is there- 
fore a little earlier than that of Houghtonia (Columnopora), 
Heliolites and other Ordovician Tabulata excepting some Mon- 
ticuliporoidea, although it may be considered as essentially 
their contemporary. Further, Zichenaria approaches in strue- 
ture nearest to Columnopora ,Nicholson as interpreted by me 
formerly,* but it is very different from //oughtonia Rominger, 
which Lindstrém has recently asserted to be identical with 
Columnoporat (Calapecia Bill). In fact Rominger and also 
Nicholson having both said that the same were probably con- 
generic, while the descriptions of their species are very 
different, a mistake of some kind is evident, and it may be 
best eliminated by following the authority of Lindstrém, loc. 
cit. In that case, my interpretation of Nicholson’s Colwmno- 
pora is faulty also. If it were net so, however, Lichenaria 
would be very near if not congeneric with Coluwmnopora as 
interpreted by me and ranged with JJichelinia. It is there- 
fore of interest to know thata species of nearly the same 
structure and geologic age as Columnopora Sardeson non 
Nicholson, the existence of which Lindstrém has inadvertently 
denied, does nevertheless exist. 

Winchell and Schuchert, in describing Lichenaria, referred 
it to the family Astreeidee of the Madreporaria Aporosa, and 
their description is unfortunate throughout. The fossil may 
be recognized, however, from the illustrations, and also since 
part of the type specimens were received from me and 

*Tabulaten, Neues Jahrb. Beilageband, x, p. 295 (1896). 
Kongl. Svenska Vetenskaps- Akad. Handlingar, vol. xxxii, p. 75. 
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returned with their identification, I can not be mistaken as to 
the species which they intended to describe. Lichenaria 
should be referred to the Aleyonaria, Tabulata, near Miche- 
linia. 


Lichenaria typa Winchell and Schuchert. 
L. typa W. and §., Final rep. Geol. Sur. Minn., vol. iii, p. 83, pl. G. figs. 10-13. 


(1895). LZ. minor Ulrich, op. cit., p. 84, fig. 5. 
i. 


2. 


Fig. 1. Vertical section through a corallum, showing mural pores and tabule, 


The latter in part broken away. Fig. 2. Transverse section, showing mural pores, 
and one coenenchymal coecum. Fig. 3. Diagram of the surface of a typical speci- 
men. Fig. 4. Ideal vertical section of specimen growing on plane surface. 

Description. Corallum hemispheric or irregular, 20™" or 
less in diameter, composed of polygonal cells and appearing 
like young Fuvosites. The coralluin was always attached to a 
shell ora Monticuliporoid and often intergrown with the latter. 
The cells asarule rapidly attain the size of 1 to 2™™ diam- 
eter. The largest cells are seen on largest or oldest colonies 
but graduation in size to the smallest young cells normally 
obtains and all colonies therefore appear immature. The cell 
walls are thin. The calycles are deeper than wide. New cells 
develop by intermural gemmation at the angles between four 
or three cells, or at the periphery of the colony intermediate 
to two older cells. The new cell is at first a round vertical 
(radial) pore, about 0°2™" in diameter, then as it enlarges it 
becomes finally polygonal from contact (fig. 3). When the 
growth is irregular from accidental cause, such as an intergrow- 
ing Monticuliporoid, some of the cells may be more or less 
Auloporoid in their development but there is no Aulopora 
stage normally. The colony evidently arises from a single 
polyp which builds a recumbent cell and which early buds off 
other polyps, resp. cells. 

The cell margins are not notched, as now seen, except by the 
incipient mural pores. These furrows are found especially at 
the angles between cells, running diagonally between two or 
branching between three cells, and when they are about to be 
replaced by one or two incipient cells, small areas result such 
as Lindstrém might call coenenchyma.* The corresponding 
mural pores are few and not in rows. They are easily found 
in transparent sections (fig. 1,2). They are rather large and 
penetrate the face of the wall less often than the corners. 
* Lindstrom, op. cit., p. 10. 
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The vertical, intermural canals from which the new cells ex- 
pand, arise from the mural pores or transverse canals, and hence 
they open at the bottom into two, rarely into three or one 
parent cell. But not all mural pores or canals give rise to ver 
tical canals and young cells. In different specimens and differ- 
ent stages of the same, mural pores of both kinds are apparently 
proportionate to the number of incipient cells, although more 
numerous than these. 

Tabule are few and thin, and like the walls they now 
present a fine crystalline structure only. There is no evidence 
of “ baculi” such as compose the walls and tabulae* of the well 
known Protarea. Small direct mural spines, or psendosepta, 
are sometimes present but are not distinguishably arranged in 
continuous rows. 

Remarks. The presence of mural pores indicates relation- 
ship to such Tabulate corals as Favosites and especially to 
Michelinia and Pleurodictyum, but the transverse pores are 
less numerous than in these. The vertical pores or intermural 
canals are like those of Pleurodictyum et al., and may be 
interpreted as siphonopores or as coenenchymal cceca,t if indeed 
these be not homologous structures. From them budded the 
new polyp-cells. There are therefore three stages of structural 
development distinguishable, viz. a pore, i. e. transverse canal, 
b vertical canal, i.e. siphonopore or ccenenchymal ccecum, and ¢ 
polyp-cell stage ; but since in some cases a complete transverse 
canal is not developed, and in others such canals exist without 
accompanying second and third stages, it appears most probable 
that we have record of two distinct structures, viz., transverse 
canals and polyps, the young stage of the latter budding often 
but not always from the former. 

It is noteworthy, however, that mural pores are most 
numerous where most new polyp cells are developing. 
Beecher’s conclusion from study of Pleurodictyum lenticulare 
(Hall), “that primarily, the development of mural pores is 
identical or homologous with the process of gemmation,”t is 
supported, although | insufficiently, by this last mentioned chiar- 
acter of Lichenaria. If it could be assumed in the case of 
Lichenaria, that there were no transverse canals developed other 
than those ’ which formed the mural pores, then Lichenaria 
would offer a little better evidence than Pleurodictyum in 
support of Beecher’s view, since it might be said that non-pro- 
ductive mural pores were dev eloping from productive ones 
because they are “developed when the period of gemmation is 


*Full grown, fairly well-preserved specimens of Prolarwa do have tabule, 
Lindstrém, op. cit., p. 110, notwithstanding. 

+ Bourne. Philos. Trans, vol. clxxxvi, B.. p. 455 (1895). 

¢ Trans. Conn. Acad., vol. viii, p. 212 (189)). 
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in force,” Beecher, op. cit. But it may be an open question 
whether in Zichenuria we see an early stage in the differentia- 
ticn of transverse canals from stolons or whether it is the 
incipient stage of mural pore-building by the lodging of pre- 
existing differentiated canals in the solid wall, as explained by 
Moseley’s theory regarding Favosites. Very probably, how- 
ever, Beecher’s theory was suggested less from this kind of 
evidence, than from a supposed Aulopora stage in the develop- 
ment of Pleurodictyum, since if Pleurodictyum were derived 
from Aulopora then the stolonal structures of the latter would 
be the origin of those of the former which are also mural 
pores. But, Auloporoid growth in Zichenaria is not a normal 
one, as said, and it may be safely added that there is no Aulo- 
pora stage in the ontogeny of Pleurodictyum lenticulare, the 
tigures 2, 3 and 4, pl. 9, op. cit., being palpably erroneous, and 
figures 9, 10 and 11 representing not a normal corallum. 
Lichenaria appears to prove, therefore, that stolons and 
transverse canals and the consequent mural pores are older in 
origin than the oldest known Tabulata, and as to the evidence, it 
does not prove whether canals are older or younger than 
stolons, although the latter may be the case. The claim that 
Aulopora is ancestral to other Tabulata is not supported. 


University of Minnesota, Minneapolis, 


May 27, 1899. 
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Arr. X. — Studies in the Cyperacee; by Turo. Howm. 
XI. On the abnormal development of some specimens of 
Carex stipata Muhl., caused by Livia vernalis Fiteh. (With 
seven figures in the text drawn from nature by author.) 


WHILE the Cyperacew have several enemies from among 
the parasitical fungi, they do not seem to be much troubled by 
parasitical animals. The effects of the attack in the first case 
prove seldom fatal to the host, since the leaves and leaf-sheaths 
become merely partially injured, and even if the fungus infests 
the utriculus of Carex, the result of which is generally the 
destruction of the enclosed caryopsis and seed, the host is, 
nevertheless, able to propagate itself by means of the rhizome. 
No outer signs of hypertrophy seem to develop from these 
diseases, since the tissues attacked by the fungus become rap- 
idly destroyed, while the healthy parts of the leaves are still 
capable of performing their functions and retain their normal 
shape and size. It is different, however, when the roots 
become diseased from this cause, and although such eases seem 
to be exceedingly rare, we observed a few in Cyperus flavescens 
L., the roots of which were infested with Schinzia cypericola 
Magnus,* which were growing under perfectly normal condi- 
tions along the banks of a stream near Washington, D. C. 
The diseased roots had become very visibly hypertrophied, 
having increased considerably in thickness at the ends, thus 
forming small hand- or finger-shaped tumors. But otherwise 
we have, so far, never observed any such development of “gall” 
in Cyperacee, attacked by fungi. There are, however, some 
certain kinds of malformations, which have been recorded in a 
number of species of Carex, in which the female inflorescences 
show ramifications, due to a prolongation of rhacheola, but 
such cases are not to be considered as caused by parasites ; 
they may, as suggested by Duval-Jouve,t+ be due to the condi- 
tions of the soil. Another case is where the utriculus of Caree 
disticha shows a marked increase in size, but this abnormal 
condition does not seem to have been proved as being caused 
by parasites. In HHeleocharis and Scirpus there are several 
species which are frequently viviparous, evidently without being 
affected by any kind of actual disease ; similar viviparous forms 
are, also, met with among the Gramineae, where they are not 
uncommon, e. g., the variety “ vivipara” of Poa bulbosa, Aira 
alpina, Festuca ovina, Anthovanthum odoratum, ete.t 

* The fungus was kindly identified by Professor Géo. F. Atkinson. 

+ Duval-Jouve: Sur la signification morphologique d’une anomalie que présentent 
les utricules de quelques carex. (Bull. soc. bot. de France, vol. xi, 1864.) 

¢ The author: Notes on the flowers of Anthoxanthum odoratum L. (Proceed. 
U. S. National Museum, vol. xv, 1892, p. 399.) 
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Fie. 1. Caree stipata Muhl. Diseased 
specimen, showing two leafy shoots with 


abnormally developed leaves and the base ¢ 


But if we summarize the 
various causes of diseases and 
abnormal development as we 
know these in the Cyperacee, 
these do not seem to have 
been produced by animals, 
neither as ekto- or endo-para- 
sites. It may, therefore, be 
of some interest to report an 
instance where a Curer, C. 
stipata Muhl., had become 
infested by Livia vernalis 
Fitch,* which had caused the 
foliar organs to develop very 
abnormally.t The specimens 
of this Carex we found grow- 
ing under natural conditions, 
in damp places in woods 
near Surratsville, Pr. George 
County, Maryland. They at- 
tracted our attention by the 
unusual size of the leaves, 
which furthermore were pure 
white excepting at the tips, 
which were pale green. The 
specimens affected in this 
way were not, however, dis- 
eased throughout, as several 
normally developed shouts, 
floral and vegetative, were 
found on the same rhizomes 
that bore the hypertrophied. 
The accompanying illustra- 
tion (fig. 1) shows a part of a 
diseased specimen with the 
base of a normal flower-bear- 
ing stem and two abnormally 
developed vegetative ‘shoots. 
Besides having attained an 
unusual width and being 
almost destitute of chloro- 
phyll, these hypertrophied 
Jeaves were furthermore flat 
along their entire length with- 


of a flower-bearing stem, which is not out the usual tubular sheath. 


diseased; natural size. 


The larve of the parasite 


«4, * The writer is indebted to Dr. Eug. A. Schwartz for the identification of Livia. 


+ Compare Buchenau Fr. Ueber Knollen- 


(Flora, 1891, p. 81). 


und Zwiebel-bildung bei den Juncaccen 
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were located on the upper surface of the leaves, but no pune- 
tures were visible, hence the eggs had simply been deposited 
upon the surface of the leaves, while these were e very young 
and their tissues not quite differentiated. 

In comparing the internal structure of a diseased leaf with a 
healthy one, the most notable difference seems to lie in the 
epidermis of both faces. This is affected to such an extent 
that the cells have not only become enlarged, but the outer 
wall of each individual cell forms a very distinet and project- 
ing, conical papilla. In the healthy leaf the cells of epidermis 
are rather small on the lower surface with only a few short 
and wart-like protuberances along the margins of the leaf-blade. 
On the upper surface the epidermis consists of larger cells, 
especially above the mesophyll, and wart-like protuberances 
occur here and there near the ribs and along the margins. 
Bulliform-cells are developed as a large group above the mid- 
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Transverse sections of diseased and healthy leaves of C. stipata. 

Fig. 2. Epidermis and outer layer of mesophyll from the upper surface of 
diseased leaf. 

Fie.3. Epidermis (Ep.), mesophyll (M.), stereome (St.), colorless parenchyma 
(P), and parenchyma-sheath (P.S.) from upper face of healthy leaf. 

Fie. 4. Epidermis and outer layer of mesophyll from the lower surface of 
diseased leaf. 

Fig. 5. Epidermis and mesophyll from the lower surface of healthy leaf, 
x 240, 


rib in both the healthy and diseased leaves, but in the latter 
these cells are very much larger and more numerous. Cells, 
containing silicious cones, occur as usual outside the hypo- 
dermal stereome in the normal leaves, but are almost wanting 
in those diseased ; the same is the case, also, with the stomata, 
which were noticed only on the lower surface of the green 
apex, the other part of the blade being destitute of chlorophyll, 
as stated above. The mechanical tissue, the stereome, is rather 
thin-walled in the affected leaves, but forms here longer and 
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narrower groups than in the healthy ones, when considered in 
transverse sections. The mesophyll consists of a homogeneons, 
colorless tissue in the diseased leaves and is traversed by lacunes 
of considerable width, while this same tissue, in the healthy 
leaf, is differentiated into a compact, chlorophyll-bearing tissue 
on the upper face and a more open pneumatical tissue below ; 
lacunes are present, but they are relatively smaller. In con- 
sidering the mestome-bundles, these show the same structure 
in both leaves, but are more numerous and much broader in 
those diseased; a parenchyma- and a mestome-sheath are 
present in both and show the same difference in size, as observed 
in the other tissues. A study of the silica-skeleton demon- 
strated the fact, that this matter was almost absent in the 
infested leaves in contrast to the others. 

While our specimens thus possessed both normally and 
abnormally developed leaves, it seemed as if the rhizome had 
undergone some modification in its entire length. The bark- 
parenchyma appeared, however, to be perfectly healthy, repre- 
senting an outer and inner zone having cells thick-walled and 
thin-walled respectively and filled with starch ; there was, also, 
an endodermis with the inner walls somewhat thickened. By 
examining the interior part of the rhizome, the mestome- 
bundles, these were scattered in the thin-walled, starch-bearing 
fundamental tissue, and they represented as commonly noticed 
both collateral and perihadromatic bundles. Very noticeable 
were the narrow vessels, besides the very weakly developed 
stereome around each of the mestome-bundles. When com- 
pared with a rhizome of a healthy specimen, the difference 
was very striking and most pronounced by the narrow lumen 
of the various vessels. 

Although the roots showed no signs of any abnormal devel- 
opment, we thought desirable to describe their structure, which 
exhibited some points that may be of interest for comparative 
studies of these organs. Their structure is as follows. Inside 
the epidermis are about four layers of thin walled, but per- 
sistent bark-parenchyma, which surrounds the inner bark, the 
cells of which show the usual tangential collapsing, excepting 
the two innermost strata. There is, besides, a typical endo- 
dermis, of which the cell-walls are slightly thickened all 
around. The pericambium is very thin-walled and demon- 
strates the fact (figs. 6 and 7) that it is not interrupted by all 
the proto-hadrome vessels. Out of thirteen of these vessels 
two were observed to lie within the pericambium, separated by 
this from endodermis. In some vases (fig. 6) there was not 
only one proto-hadrome vessel developed, but two, and con- 
trary to the rule, as it appears, the inner was the smaller. The 
leptome showed no divergence from that of other roots and 
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the innermost part of the central-cylinder was occupied by 
conjunctive tissue with four large vessels. 

The approaching or non-approaching of the proto-hadrome 
to the endodermis has been very broadly discussed in Klinge’s 
classical work, to which we have referred in several of our 
previously published articles. It appears, according to his 
observations, that the most common case in the Cyperacew is 
that the proto-hadrome borders immediately on the endodermis ; 
this he observed in a number of European species of Carew, 
also in some species of Eriophorum, Scirpus, [eleocharis and 
of Cyperus, the last having previously been studied by Duval- 
Jouve. However in a few species of Carex; hirta, rhynco- 
physa and hordeiformis he observed the same peculiarity as 
we have described for C. stipata, that not all of the proto- 
hadrome vessels showed this position, but that some were 
located inside the pericambium. Furthermore, Klinge, Van 


Fics. 6 and 7. Transverse section of root of Carex stipata. B= bark-paren- 
chyma; End, = endodermis; PH = proto-hadrome; P= pericambium. x 560 
and x 400. 


Tieghem and Dnuval-Jouve discovered, that in certain species 
of Cyperus and Galilea from the old world none of the proto- 
hadrome vessels bordered on endodermis. In the North 
American Cyperacew, which we have studied so far, we have 
constantly observed the proto-hadrome to be in contact with 
endodermis, the only exception being Carew Fraseri, Fim- 
bristylis castanea, and this particular case, described above, in 
Carex stipata. This is the more interesting since it seems, 
also, to be a very rare case in the old world species of Carex. 
It is stated by Van Tieghem as characteristic of C. brizoides, 


End 
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to which Mazel* has later on added: Carex arenaria, C. 
humilis, C. depauperata, C. glauca, C. alba and C. alpestris. 
This irregular position of the proto-hadrome in our specimens 
of C. stipata does not, therefore, seem to be in any way the 
result of disease, since it has, also, been observed in other 
species with no symptoms of anomaly. 

While the disease in Carex stipata had not caused the 
development of a gall or gall-like formation, it is, nevertheless, 
to be recorded, that there is one analogy to be found in respect 
to the manner in which the epidermis has been modified in its 
structure. Kiistenmachert+ in his interesting work upon galls, 
describes the various modifications that are observable in the 
tissues which compose the gall; among these is the so-called 
nutritive-layer (Nihrschicht) which surrounds the animal- 
embryo, and of which the inner epidermis develops into a 
mass of papillee (“ papillése Nihrhaare”). As we have stated 
above, the leaf-surface of our Carex showed a corresponding 
structure with a dense covering of papillee, but it is, however, 
far from certain that their function was the same. It seems 
more probable that the excessive but sickly development of all 
the parts of the leaf was produced by a kind of irritation, 
caused by the depositing of the eggs upon the young leaf-sur- 
face, without the abnormal structure being of any advantage to 
the parasite. And although the parasitism was purely super- 
ficial from its beginning to end, it, nevertheless, resulted in 
such important physiological disturbances as: the almost com- 
plete non-development of stomata, chlorophyll, lignin and the 
partial non-absorption of silica. 

Brookland, D. C., February, 1899. 


* Mazel, Antoine: Etudes d’anatomie comparée sur les organes de végétation 
dans le genre Carex. Thése. Genéve, 1891, p. 88. 

+ Kiistenmacher, Max: Beitrige zur Kenntniss der Gallenbildungen mit Beriick- 
sichtigung des Gerbstoffes. (Pringsheim’s Jahrb. f. wiss. Botanik, vol. xxvi, Heft 
I. Berlin, 1894, Inaug. diss.) 
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Art. XI. — Zhe Constitution of Tourmaline; by F. W. 
CLARKE. 


SoME years ago, in an extended paper upon the constitution 
of the silicates,* I proposed a formula for tourmaline which 
seemed to satisfy all known conditions. Recently, in the 
February number of this Journal, Penfield and Footet have 
offered still another interpretation of the analyses, and support 
their views with a considerable weight of argument. he 
appearance of their paper has led me to rescrutinize the evi- 
dence more in detail than previously ; and the result has been 
to modify my formule in some particulars, while retaining 
them in their general form. 

According to Penfield and Foote all tourmaline may be rep- 
resented as salts of the alumino-borosilicie acid H,,A1,B,Si,O,,, 
in which two hydroxyls are permanently linked to boron, leav- 
ing dn available valency or basicity of nine. In my formule 
all tourmalines are derived from the similar acid H,,A1,B,Si,O,,, 
with all of the hydrogen atoms replaceable by bases. Upon 
bringing the two acids to the common basis of six silicon 
atoms, they compare as follows : 

Penfield and Foote H, 
H, ,Al,B,Si,0,, 


Replacing aluminum by hydrogen in order to show the ulti- 
mate acids, these expressions become 


Penfield and Foote H,,B,Si,O, 


The small difference between the empirical formule is thus 
made evident, and it hardly amounts to more than the uncer- 
tainties in the analyses. In fact, the trustworthy analyses of 
tourmaline give ratios lying between and beyond both extremes, 
as the following formule, computed from Riggs’ data, show : 
In these expressions fluorine has been assumed equivalent to 
hydroxyl. 


Paris, 


* Bulletin U. S. Geological Survey, No. 125, 1895. 
+ This Journal, vol. vii, p. 97, 1899. 
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The two analyses by Penfield and Foote, however, conform 
sharply to their formula, thus: 


Haddam Neck, green - - 


The Gouverneur and Hamburgh tourmalines represent the 
extreme range of variation ; a variation which is too large to 
be safely set aside as due to analytical errors or to impurities 
in the material analyzed. Some of the formulz approximate 
to mine, some to that of Penfield and Foote, and hence it 
seems probable that neither formula, without some qualifica- 
tion, can safely be taken as final. 

In order to be satisfactory, a constitutional formula must 
fulfil several conditions. First, it must adequately express the 
composition of the compound in question, covering all of its 
variations. Secondly, it must be readily applicable to the full 
discussion of analyses, so that the different isomorphous salts 
which are commingled in a mineral species can be separately 
identified and given reasonable expressions. Finally, it should 
indicate the relations between a species and the other minerals 
with which it is allied, or into which it commonly alters. A 
formula can be fully adopted only when all of these conditions 
are satisfied. The third condition, which relates to function, 
is equally important with the other two. 

With the tourmalines, the micas seem to be most nearly akin. 
In each group we have to consider comminglings of isomorphous 
molecules, and when tourmaline alters, a mica is commonly 
the product of the reaction. In composition, also, the two 
groups show an apparent parallelism. With the lithia mica, 
lepidolite, lithia tourmalines occur ; with muscovite and biotite, 
the common iron tourmaline is associated; and the magnesian 
tourmalines, which show the minimum of alumina in their 
composition, are similarly allied to phlogopite. This relation- 
ship, if it is real, should be suggested in the formulz assigned 
to the several species. 

To the commoner micas a simple series of formule can be 
easily given, thus: 


Al,(SiO,), KH,, 
Al,(SiO,),Mg, KH, 
Al, (SiO,), Mg, KH, ; 


and to these types or mixtures of them, most micas are refer- 
rable. The variations and exceptions have been considered 
elsewhere, and need not be discussed here. 

With these fundamental moiecules the corresponding salts 
of the tourmaline acid H,,B,Si,O,,, or H,,AJ,B,Si,O,, are struc- 
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turally correlated. The subjoined formulz are sufficient to 
make this point clear; and to render the splitting up of tour- 
maline, its alteration into mica, somewhat intelligible. 


_Ai0, = KH, H, 
Al Al—SiO, Hi. 
= Al = AI-BO, 
| 
Muscovite Al—BO,=H, 


| 
Si0,= Al-BO, 
Al—SiO, — H, 
H, 


The Tourmaline Acid. 


In the acid, two hydrogen atoms are united with the ortho- 
boric group, and twelve with the orthosilicate portion of the 
nucleus. Hence, to avoid repetition of the structural expres- 
sion, the formula may be condensed into a linear form as 
follows : 

Al,(SiO,),(BO,), . BO,H, . H,,, 


and this is applicable to the discussion of the analyses. For 
example, Riggs’ analysis of the black magnesium tourmaline 
from Pierrepont, N. Y., corresponds to the following molecular 
mixture : 

13, Al,(SiO,),(BO,),. BO,Ca . Mg,H, 
7. Al,(SiO.).(BO,),. BO.Mg . Mg.H., 
2. Al.(SiO.),(BO,), . BO.Na,. Al,Na,H, 


Comparing this with the analysis, and reducing the latter by 
union of like bases and recalculation to 100 per cent, we have— 


Found. Reduced. Calculated. 
oer 35°61 37°19 37°05 
10°15 10°51 10°80 
25°29 ) 27°10 27°19 
"44 
55 
3°45 3°40 
K,0 "20 


99°93 100°00 100°00 
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The result is evidently satisfactory. In dealing with titanium 
I have followed Penfield, regarding it as really Ti,O, and 
equivalent to alumina. The fluorine is treated as replacing 
hydroxyl and is, therefore, united with the water. It is pos- 
sible, however, that fluorine may sometimes replace the group 
BO,, an equivalency which is strongly indicated in the cap- 
pelenite group of minerals. 

The brown tourmaline from Gouverneur, N. Y., as analyzed 
by Riggs, also reduces to a similar mixture of molecules, and 
its composition may be written thus: 


5. Al,(SiO,),(BO,),. BO,Ca. Mg,H,, 
3. BO.Mg.Mg.H., 
2. Al.(SiO,),(BO,), . BO,NaH. Al,Na,H,; 


and the comparison between analysis and theory is as follows: 


Found. Reduced. Calculated. 
SiO, 37°54 37°32 
B,0, 10°73 10°76 10°88 
27°79 28°72 28°53 
2 3 
Fe,0, 
1°19 
64 
MgO 14°09 14°51 14°52 
ee 2°78 2°79 2°90 
Na,O 73) 1°83 1°93 
errr 16 
3°83 3°85 3°92 
100°42 100°00 100°00 


By consolidating lime with magnesia the expressions for both 
tourmalines might be simplified ; but in other cases this would 
not be warranted. In some tourmalines calcium seems rather 
to replace sodium, or else the group NaH; a probability which 
will appear later. 

In these two tourmalines the theoretical silicon-oxygen ratio 
Si,O,, is assumed, in accordance with my original formula. We 
may now consider the cases in which that ratio is exceeded, 
with more or less approach to the formula proposed by Penfield 
and Foote. This condition is easily satisfied by regarding one 
of the component salts of tourmaline as slightly basic ; contain- 
ing the bivalent group = Al—O—H or =Al—F as an essential 
factor. With this assumption, which recognizes the equiva- 
lency of hydroxy] and fluorine, the analyses reduce to the 
general type indicated in the two preceding examples. For 
instance, the white tourmaline from DeKalb, N. Y., has the 
following composition : 


10. Al,(SiO,),(BO,),. BO,(AIOH) . Mg,H, 
20. Al.(SiO.).(BO,),. BO.Ca. Mg.H,. 
3. Al.(SiO.).(BO,),. BO,Na, . Al.Na,. 


For comparison the analyses by Penfield and Foote and by 
Riggs are available. In this case the minute quantities of 


titanium are ignored. 
Found, Reduced, 


Riggs. P.&F. Riggs. Mean. 
36°72 36°88 3656 36°81 36°69 


ee 10°81 10°58 10°76 10°56 10°66 
29°68 28°87 29°55 28°81 29°18 
22 "52 

MgO .....- 14°92 14°53 14°97 14°79 14°88 
re 3°49 3°70 3°47 3°69 3°58 
BaO ..... 198 1°39 ) 1:28 1°50 1°39 
"05 18 

2°98 3°56 3°41 3°84 3°62 
"93 50 
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Calculated. 
36°79 
10°74 
29°07 
14°86 

3°48 
1°44 


3°62 


101.11 100°83 100°00 100°00 100°00 


The dark brown tourmalines from Orford, N. 


Monroe, Conn., as analyzed by Riggs, also reduce 
form, and approximate to the mixture 


15. Al,(SiO,),(BO,),. BO,(AIOH) . Mg,H,, 


6. Al.(SiO,),(BO,),. BO.Ca. Mg.H,, 
8. BO,NaH. Al,Na,H, 


with the comparison as follows: 


Found. Reduced. 
“Orford. Monroe. Orford. Monroe. 

SiO, 36°66 36°41 36°96 37°34 
10°07 9°65 10°16 9°89 
Al,O, ..... 32°84 81°27) 33°28 33°13 
TiO, 23 1°61 

2°50 3°80 

MgO ert 11°8 11°88 
1°35 98 1°36 1°00 
2°42 2°68 2°58 2°88 
K,O 22 4 

. 3°78 3°79 3°82 3°88 


100°00 
H., and 


to similar 


Calculated. 
36°84 
10°74 
33°11 


99°87 100°00 100°00 


100 00 


q 
11°85 
1°19 
2°62 
3°65 
100°42 

H 
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Here the divergence between the composition as found and as 
calculated is evidently due to the low determinations of boric 
acid in the analyses. Still, the comparison is close. 

Between the magnesium tourmalines and the iron tourma- 
lines the closest analogy exists, and the identity of type is abso- 
lute. Taking, except when otherwise specified, the analyses 
by Riggs, all the iron tourmalines reduce to mixtures of the 
following isomorphous molecules: 


A. Al,(SiO,),(BO,),. BO,(AIOH) . Fe,H,, 
B. BO.Ca. Fe,H,, 
Al ‘(SiO,),(BO,), . BO,Nall. Al,NaH,, 
D. AlNa,H, | 
E. Al,(SiO.),(BO,),. BO,NaH. Al,Na,. 


Molecules C, D, and E are evidently identical, except in the 

varying replacements of sodium by hydrogen. A and B are 
similarly alike, so that actually only two fundamental com- 
pounds are assumed. From the commoner iron tourmalines 
lime is practically, if not quite absent ; and these may be inter- 
preted very nearly as mixtures of A and C, such as A,C,, A,C,, 
ete. If we take the minute quantities of lime into account, 
the black tourmalines from Brazil and from Stony Point, N. C., 
correspond to A,,B,C,; that from Auburn, Me., to A..B,C,, : 
and that from Paris, Me., to A,,B,C,. It will be noticed that 
the molecule A is in excess of the other two; a condition 
which fits the analyses, but which is incompatible with the 
formula proposed by Penfield and Foote. To satisfy the latter 
the number of A molecules should be exactly equal to B+C, 
giving the ratio Si,O,, or Si,O,,,. The analyses in question 
are as follows: 


Brazil. Stony Point. Auburn. Paris. 
ee 34°63 35°56 34°99 35°03 
9°63 10°40 9°63 9°02 
Al,0, 32°70 3338+ 33°96 34°44 
FeO 13°69 8°49 14°23 12°10 
a= 12 04 06 08 
MgO} ........ 2°13 5-44 
ae 33 53 15 24 
Li,;O 08 trace 07 
a 2°11 2°16 2°01 2°03 
K,O 24 24 "34 25 
3°49 3°63 3°62 3°69 


99°52 100°42 100°00 99°89 
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The reduced analyses and their comparison with the caleu- 
lated composition is as follows: 


Found. Found. Cale. Found, Cale. Found. Cale. 
Stony Pt. Brazil. Auburn. A Paris. AioBi Cp. 
SiO, .-- 34°10 34° 34°75 34°48 34°70 34°62 
9°98 9°: 9°56 10°06 8°94 10°10 
Al,O, .. 32°37 2°5 32": 33°73 33°28 34°82 33°60 
FeO... 17:33 7°45 15°99 15°95 5° 15°23 
CaO... *52 “a7 7 
Na,O.. 2°22 2°23 2°50 2°67 


H,O... 3°48 3° 3° 3°59 3°56 3°66: 


100°00 100°00 100°00 100°00 100°00 100°00 


Here again the agreements between analysis and theory are 
as close as could be reasonably expected. The same thing is 
true of the black tourmalines from Haddam, Conn., and Nantic 
Gulf. Using letters to represent the several molecules, as 
above, the Haddam mineral is sharply represented by A,B,D,, 
and that from Nantic Gulf by ABE. Here is the com- 
parison : 

Haddam. Nantic Gulf. 


A. 


| 
Reduced. Cale. Found. Reduced. Cale. 
33°75 33°67 “4 33°34 
9°60 9°82 9°86 


30°74 80°67 “46 29°01 


7 


5 
0 


3°36 


100°35 100°00 100°00 100°49 100°00 = 100°00 


To the lithia tourmalines, as analyzed by Riggs, a similar set 
of formule apply, although the comparison between fact and 
theory is not quite so close as in the preceding cases. The red 
tourmalines from Brazil and from Rumford, Maine, are very 
nearly represented by the expression 


Al,(SiO,),(BO,), .BO,R'H. Al,R’H, ; 
with Li: Na approximately as 5:4. The slight deficiency in 


the alkalies is made up by the presence of small amounts of 
calcium, iron and manganese; but the ratio Al,:Si, is very 


Found, 
SiO, ...-- 34°95 
B,O, ----- 9°92 
TiO, ----- 57) 40 
Al,O, ..-. 31°11 28°84 
Fe,O, ..-. 50) 
q FeO ..... 11°87 19°31 19°24 8°22) 20°46 20°55 
} MnO..... ‘09 trace > 
MgO ..... 4°45 7°76 
“78 “75 2°32 2°19 
Na,O .... 2°22) 2°30 2°48 1°76 1°74 
H,O ..... 3°62 3°49 3°37 3°60 3°40 = 
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clear. The green tourmalines are all lower in alumina, and 
range downward towards the iron end of the series; and like 
the latter are representable as mixtures of the following molec- 


ular types: 


A. Al,(SiO,),(BO,), .BO,(AIOH). Fe,H,. 
B.. Al.(SiO.).(BO,),. BO,Ca. Fe,H,. 

C. BO, Lif. Al,Li,H,. 

D. Al,(SiO,),(BO,),. BO,NaH. Al,Nall,. 
E, BO-H, . Al,NaH,, 


Thus the dark, opaque green tourmaline from Rumford, Me., 
is a molecular mixture corresponding to A,B,C,D,,E,; the 
similar mineral from Auburn is A,B,C,D,, ; the light green 
from Auburn, A, BC wD, E,,; and the nearly colorless from 
Auburn, A,B,C,,D,,E,,. From Brazil, the dark green is 
A,B,C,D,, and the light green is A.B,C,D,E, The complexity 
of these expressions is only apparent, not real; as a study of 
the original type formul will show. They compare with the 
reduced analyses as follows: 


Rumford. Auburn, dark. Auburn, medium. Auburn, pale. 


An 


Found. Cale. Found. Cale. Found, Cale. Found. Calc. 
SiO, .. 36°68 36°69 36°37 36°45 37°95 37°52 
B,O, -- 10°26 10°69 9°98 10°63 10°57 10°94 
Al,O, - 38°26 37°74 36°89 37°21 38°11 39°02 
FeO .. 6°78 6°90 "94 "te 4°47 4°28 
CaO .. "34 ‘16 50 
Na,O. 3:12 307 3: 314 2°58 2°58 
H,O wer 3°63 3°62 4°47 3°81 


100°00 100°00 100°00 100°00 100°00 100°00 100°00 100-00 


Brazil, dark. Brazil, light. 


Found. Cale. Found. Cale. 
37°14 37°64 
10°83 35 10°97 
38°07 "86 39°04 
5°24 3°61 

*B5 “46 "46 
3°01 2°76 
1°64 ‘ 1°69 
3°72 3°83 


100°00 100-00 10000 100-00 


In these cases the low boric acid of the analyses, and the 
uncertainties as to the significance of the water determinations, 


| 

| 

a 
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account for the chief variations between observation and theory. 
There is another complication also, due to the fact that alterna- 
tive expressions are possible, between which it is very difficult 
to decide. In the tourmaline from Haddam Neck, Conn., 
analyzed by Penfield and Foote, a somewhat different com- 
mingling of molecules seems to be necessary, partly on account 
of the higher proportion of lime in the mineral, and partly on 
account of the fluorine. This tourmaline, also, admits of 
various alternatives in formulation; but it agrees well with 
the molecular mixture 


3. Al,(SiO,),(BO,),. BO,Ca. Fe,H,, 
10. Al,(SiO,).(BO,), . BO,(AIOH). Al,Li,H,, 

1. Al(SiO,).(BO,),. BO,Ca. Al, NaH,, 

6. Al,(SiO,),(BO,), . BO,Nall. Al,NaH1, ; 


in which Ca is equivalent to a replacement of NaH. This 
mixture, with the group AIOH proportional to fluorine, gives 
a good comparison between analysis and theory, thus: 


Found. Reduced, Calculated. 
36°75 36°86 
10°94 10°74 


39°35 39°44 
4°43 


101°09 100°00 100°00 


The theoretical amount of fluorine needed to replace hydroxyl 
in the assumed group, AIOH, is 0°97 per cent. Altogether, 
the comparison is fairly satisfactory. 

One analysis by Riggs, that of the magnesium tourmaline 
from Hamburgh, N. J., I have omitted from my discussion. 
In that tourmaline there are variations which I cannot readily 
account for, unless by assuming the presence in it of a molecule 


Al,(SiO,),(BO,),. BO,R’,. R”,, 


Such a molecule, written structurally, exhibits affinities to 
garnet, rather than to the micas ; and I prefer to await further 
evidence before committing myself to any definite formulation 
in this instance. As for the analyses published by Jannasch 


Al,O, ----.--------- 39°56 § 
1°27 1°15 
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and Kalb, they fit in well with those of Riggs, and are 
amenable to the same treatment. 

At first glance, some of the formulze which I have proposed 
may seem to be complex; but they are all of the same type, 
and can be reduced to a few general expressions, as follows : 


SiO, SiO, — R’ SiO, 
4 3 4 3 4 
Al AICSiO! Al AICSiO; — 
= Nsi0; = AIBO, \si0; = AIBO, 
| | | 
Al—BO, = AI—BO,=R” 
| 
SiO, = AIBO, _Si0,= _Si0,=AlBO, 
Al Al AIC R’H 
2. 3. 


These formule cover all of the established variations in the 
composition of tourmaline, they render the various replace- 
ments or isomorphous admixtures intelligible, and they indicate 
the directions into which the species commonly alters. There 
is one objection to them, namely, that one of the end products 
contains no alkali metal, and no alkali free tourmaline is known. 
The same objection applies to the Penfield-Foote formula, as 
will be seen by any one who attempts to apply it in the dis- 
cussion of the iron tourmalines. Under either system of 
formulation the existence in tourmaline of alkali-free salts 
must be assumed. 

One further possible advantage in the proposed formule 
remains to be pointed out. All of the chemists who of late 
years have discussed the composition of tourmaline agree in 
adopting the ratio between silicon and boron of 2: 1, or 48iO, : 
B,O,. And yet many of the analyses vary from this ratio to 
an extent which may not be due to experimental errors. For 
example, from among Riggs’ analyses the following cases show 
large variations, the boron being too low. I give the silica 
and boric oxide as determined; the boric oxide as calculated 
from the silica by the accepted ratio, and the amount of varia- 
tion between the two. 


SiO. B,0; found. cale. Diff. 
Rumford, red -...-- 38°07 9°99 11°10 —1'11 
Paris, black ........ 35°03 9°02 10°22 —1°20 
Monroe, brown 36°41 9°65 10°62 —0'97 
Brazil, green ._-...- 36°91 9°87 10°76 —0°89 
Auburn, colorless ... 38°14 10°25 11°12 —0°87 


In the analyses by Jannaseh and Kalb the following exam- 
ples are very striking : 


| 
| 
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Si0,. found. B.Os ecale. Diff. 
9°93 10°40 — 1°47 
8°94 10°17 — 1°23 

35°50 8°34 10°35 —?20] 
9°09 10°81 — 1-72 


It would hardly be wise to dismiss these variations as due to 
errors, especially when the summation of the analyses is good, 
and the analysts are known to be trustworthy. Such errors on 
the part of either Jannasch or Riggs would be almost inered- 
ible, and I am, therefore, inclined to believe that the analyses 
are good, and that we should seek a cause for the variations. 
In my scheme of formulation the bivalent group of atoms 
=AIl—BO, occurs. Replace this in part by the similar groups 
= Al—OH and = Al—F, and the variations are accounted for. 
This supposition satisfies the analyses completely, and covers 
the ground. It is in accord with all the evidence, even though 
its validity may not be definitely proved. By its application 
to the discussion of the analyses the divergencies between the 
calculated composition and the composition as found, can be 
notably diminished. 

But although the formule which I have adopted serve to 
express the composition of all tourmalines, they still leave 
room for alternatives. Penfield and Foote, as well as myself, 
assume that tourmaline is a mixed salt containing distinct boric 
and silicie radicles. Future investigation may prove that it is 
really derived from a complex boro-silicic acid, as yet unknown ; 
and the same conception may be true of other species, such as 
axinite, datolite, danburite, cappelenite, etc. A series of boro- 
silicic acids is theoretically conceivable ; and until this ques- 
tion has been considered, the constitution of all the minerals 
above-mentioned must be regarded as unsettled. 

Washington, April 19, 1899. 

U. 8. Geological Survey. 


Am. Jour. So1.-—FourtH Vou. VIII, No. 44,—Avaust, 1899. 
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Art. XIl.—TZhe Determination of Tellurous Acid in pres- 
ence of Haloid Salts; by F. A. Goocu and C. A. PETERs. 


[Contributions from the Kent Chemical Laboratory of Yale University —LXXXIV.] 


THE estimation of tellurous acid by oxidation with excess of 
potassium permanganate (either in acid or alkaline solution), 
destruction of the higher oxides of manganese or the manga- 
nate by standard oxalic acid in presence of sulphuric acid, and 
titration of the residual oxalic acid by more permanganate, has 
been shown by Brauner* to be feasible. The tendency of the 
permanganate to throw off too much oxygen when the oxida- 
tion is made in solutions strongly acidified with sulphuric acid 
(as must be the case if the tellurous oxide is to be held perma- 
nently in solution by sulphuric acid) necessitates the application 
of a considerable correction.t Fortunately, however, as has 
been shown in a former paper from this laboratory,t when 
the tellurous oxide is dissolved originally in an alkaline hydrox- 
ide and the solution made acid only to a limited degree with 
sulphuric acid either before or after oxidation by the perman- 
ganate, no correction appears to be necessary. Thus, when an 
excess of permanganate is added to the alkaline solution, 
followed by an excess of oxalic acid and sulphuric acid to an 
amount not exceeding 5° of the [1:1] mixture with water, 
the titration of the residual oxalic acid by more permanganate 
(after heating to 80° C.) leads to results which give no indi- 
cation of over-decomposition of the permanganate; so also, 
when the process is similarly conducted excepting that before 
addition of the permanganate the original alkaline solution is 
acidified with sulphuric acid [1:1] to an amount 1™* in excess 
of that necessary to re-dissolve the first precipitate, the results 
are theoretically accurate, and in close agreement with those 
obtained by the former procedure. 

In the presence of free hydrochloric acid the action of the 
permanganate upon tellurous acid has been shown by Brauner$ 
to be irregular and excessive, and the irregularity cannot be 
corrected (as in the titration of ferrous salts in presence of 
hydrochloric acid) by the addition of a manganous salt accord- 
ing to the well-known procedure of Kessler| and Zimmer- 
mann.™ So far as appears, however, there should be nothing 
to prevent the accurate determination of tellurium in tellurous 
compounds in the presence of chlorides by the permanganate 
process providing the first oxidation is made in alkaline solu- 
tion, and the second oxidation carried out with such precautions 

* Jour. Chem. Soc. 1891, p. 238. + Loc. cit., p. 249. 


Gooch and Dauner: this Journal, xliv, 301. § Loe. cit., p. 241. 
| Ann, der Phys., exviii, 48; cxix, 226, 226. © Ann. der Chem., cexiii, 302. 
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as are necessary to a correct determination of oxalic acid by 
permanganate in presence of hydrochloric acid ; for, the special 
danger of over-action on the part of the permanganate cannot 
exist while the solution is alkaline, and has passed when the 
tellurite has become a tellurate and before the solution is made 
acid. As tothe proper conditions for the titration of oxalic 
acid by permanganate we have shown recently* that the pres- 
ence of a manganous salt is necessary and sufticient to secure 
regularity of action when a considerable amount of hydro- 
chloric acid is in the solution; when the amount is small 
—so much as would be formed in the decomposition of a 
gram or two of halogen salt of tellurium—the disturbing 
effect under ordinary conditions of work is probably inappre- 
ciable, but even in such a ease it.is better to work in the 
presence of a manganous salt for the reason that the titration 
of the oxalic acid may then be made at the ordinary atmos- 
pheric temperature. 

In the following table are gathered the results of experiments 
made with, and without, the addition of the manganous salt. 


TABLE I. 
= 16, Te = 127°5. 
Volume at beginning, 150°™°, 
Temperature of titration, 60-80° C, 
TeO, taken. NaCl. H.SO, MnCl,.4H.0. TeO, found. Error. 


grm. grm. em’, grm. grm. grm. 
071000 4 5 0°1003 +0°0003 
0°1000 *4 5 0°1000 0°0000 
0°1000 *4 5 0°1004 +0°0004 
071000 1°0 5 071003 +0°0003 
0°0650 1°0 5 0°0653 + 0°0003 

B. 
Temperature of titration, 20-26° C. 

0:0700 *4 5°7 1°0 0°0705 +0°0005 
00700 “4 5°7 1°0 0°0698 —0°0002 
0°0700 *4 5°7 0-0701 +0°0001 
071000 *4 5°7 071008 +0°0008 


The tellurium dioxide, made by the careful ignition of the 
crystallized basic nitrate obtained by oxidizing tellurium with 
nitric acid, was dissolved in a small amount of sodium hydrox- 
ide, the halogen salt was added to the amount shown, the per- 
manganate standardized against ammonium oxalate was run in 
until its characteristic color appeared, standard ammonium 
oxalate was added in excess of the quantity required to reduce 
the excess of permanganate, manganate, and higher oxides, and 
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the solution was heated with enough sulphuric acid [1:1] to 
neutralize the alkaline hydroxide and have an excess of about 
5°, In the experiments of Section A the liquid was heated 
to 60°-80° C. to dissolve the oxides at the final titration begun 
at that temperature ; in those of Section B, manganous chloride 
(0° to 1 gram) was added, so that the reduction of the 
higher oxides of manganese and the final titration of the excess 
of oxalic acid might take place at the ordinary temperature of 
the room. 

Plainly the presence of the chloride does not interfere mate- 
rially in the determination of the tellurium by this process 
whether the titration is made at a high or low temperature. 

It appears, also, upon putting the matter to the test, that 
fairly good determinations of tellurous acid may be made 
similarly in the presence of -a bromide, provided the titration 
is made at the atmospheric temperature in the presence of a 
sufficiency (0°5 gram to 1 gram) of a manganous salt and of an 
excess of sulphuric acid limited to about 5° or less of the 
12°5 per cent mixture. At the higher temperatures bromine 
is liberated at once from the acid solution by the permanganate. 
The experimental results are given in Table IT. 


TABLE II. 
O = 16, Fo = 
Volume at beginning, 150°™*, 
Temperature of titration, 24°-26° C. 


TeO, H.SO, MnCl,. TeO, 

taken. NaCl. KBr. 12°5 %. 4H,0. found. Error. 

grm. grm. grm. grm. germ. grm. 

0°5 20 071022 + 

0 3000 1°d 25 1°0 0°3030 +0°0030 
0°0650 0°5 1 1°0 0°0661 4-0°0011 
0°6650 0°5 | 0°0647 —0°0003 
0°1000 1 1°0 0°1002 +0°0002 
0°3000 0°5 5 0°5 *0°3010 +0°0010 
0°0650 0°5 0°5 1 1°0 0'0661 +0°0011 


It is obvious, therefore, that tellurous acid may be deter- 
mined with a fair degree of accuracy by the permanganate 
method in the presence of chlorides and bromides, provided 
the first oxidation is made in alkaline solution and the final 
titration of the residual oxalic acid is made at ordinary tem- 
peratures in the presence of a manganous salt and restricted 
amounts of free sulphuric acid. 

In the presence of an iodide, liowever, the case is different. 
Upon acidifying the mixture of iodide and the higher oxygen 
compounds of manganese, produced in the action of the per- 
manganate upon the solution, iodine is at-once set free, and 
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oxalic acid does not suffice to reconvert it. In the presence of 
an excess of potassium iodide the higher manganic compounds 
are completely reduced with rapidity and the iodine liberated 
is the measure of the excess of permanganate over that 
required to oxidize the tellurous acid ; the difference between 
the amount of permanganate thus indicated and that originally 
introduced should determine the amount of the tellurous acid. 
It is upon this basis that Norris and Fay* have founded their 
excellent iodometric determination of tellurous acid. This. 
process consists in treating the alkaline solution of tellurous 
acid with standard permanganate until the meniscus of the 
liquid shows a deep pink color, then diluting the solution with 
ice-water, adding potassium iodide and sulphuric acid, and 
titrating with sodium thiosulphate. The results are excellent. 

It is plain that any agent capable of converting the iodine 
to hydriodie acid without at the same time reducing telluric 
acid should be capable of measuring the excess of the perman- 
ganate, and so the amount of tellurous acid originally present. 
We find that the standard arsenite made, as usual, by dissolv- 
ing 4°95 grams of pure resublimed arsenious oxide to the liter 
of water containing potassium bicarbonate answers the purpose 
admirably, and possesses the further advantage of fixing at 
once the entire standard of the process, the strength of the 


permanganate (approximately *) being determined by run- 


ning a definite volume of its solution into water containing 
potassium iodide (1 gram) with 2 to’ 3° of dilute sulphuric 
acid and titrating by the standard arsenite the iodine (set 
free by the action of the excess of permanganate and higher 
oxides) after neutralization with acid potassium bicarbonate. 
In this titration of iodine by the arsenite we find it best to dis- 
pense with the starch solution usually employed to secure the 
end reaction. The color of the free iodine itself is sufficiently 
definite, even at a dilution so much as 300°, and its disap- 
pearance under the action of the arsenite is much sharper than 
that of the blue starch iodide. 

In Table III are recorded results obtained by adding the 
alkaline solution of tellurous oxide to 100™* of water contain- 
ing 0-5 gram or 1 gram of potassium iodide, introducing the 
standardized potassium permanganate until the green color of 


the manganate appears (about 30°° of the — solution for 


every 0°1 gram of TeQO,), adding a few cubic centimeters of 
dilute sulphuric acid followed, when the solution has cleared 
and separated iodine, by an excess of acid potassium carbonate, 


* Am. Chem. Jour., xx, 278. 
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and titrating to the destruction of color with the standard 
solution of arsenic. It is essential in order that oxygen may 
not go to waste in the breaking down of the oxides, that more 
than enough iodide should be present when the solution is 
acidified to complete the reduction of the manganese oxides, 
or else, that the arsenious acid should be present in suitable 
amount before the sulphuric acid is putin. This latter pro- 
cedure may be used in case, for any reason, it is preferred not 
. to introduce more iodide into the solution than may be present 
originally: when, for example, a direct determination of the 
iodine present is to follow. 
TABLE ITI. 
0 = 16, Te = 127°5. 
NaOH 
Totai present 
volume during TeO. 
taken. Natl. KBr. KI. atend. oxidation. found, Error. 
grm. grm. grm. = grm. cm’, grm. grm. grm. 

160 9°1 071005 + 0005 
0°1000 160 0°1 0'1001 +0°0001 
0°1000 160 0°1008 +0°0003 
0°1000 250 0°1007 +0°0007 
0°2000 250 ‘ 0°1997 —0°'0003 
0°1000 ol 5 250 0°1000 0°0000 
0°2100 1°0 225 0°2105 +0°0005 
0°1000 160 071011 +0°0011 
.... 300 2° 0°2009 +0°0009 


— 


These results are reasonably good. Like those of Table I 
they would be brought practically in the average to the figure 
demanded by theory if the value of the Committee of the Ger- 
man Chemical Society, Te = 127, were to be taken instead of 
Te = 127°5, the value of Clarke and of Richards. 
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Art. XIIT.— An Lodometric Method for the Estimation of 
Borie Acid; by Louis CLEVELAND JONEs. 


[Contributions from the Kent Chemical Laboratory of Yale College —LXXXV.] 


IN a recent article,* I have described a process for the alka- 
limetrice estimation of boric acid, depending upon the forma- 
tion of a strongly acidic compound when borie acid and a 
polyatomic alcohol are placed together in solution. The 
method in brief consists in destroying the free mineral acid in 
a solution containing boric acid, by means of a mixture of 
potassium iodide and iodate, bleaching the liberated iodine by 
sodium thiosulphate, adding the indicator phenol phthalein 
and suflicient standard solution of caustic soda to give a faint 
alkaline coloration, bleaching by a small amount of mannite 
and adding caustic soda again to alkalinity, and thus alternat- 
ing with mannite and alkali until the alkaline coloration pro- 
duced is permanent. The amount of sodium hydroxide used 
represents the amount of acidity developed by the influence 
of the mannite upon the boric acid present, according to the 
hypotheses that the molecule B,O, acts as two molecules of a 
univalent acid, HO. BO. 

On making further study of this reaction, I have found that 
the acid developed by the combination of borie acid and man- 
nite is, under certain definite conditions, sufficiently strong to 
liberate, quantitatively, from a mixture of potassium iodide 
and iodate, the amount of iodine required on the supposition 
that each molecule of metaboric acid (ITO. BO) acts in a man- 
ner similar to a univalent mineral acid under the same condi- 
tions. (5KI+KI0O,+6HOBO = 31,4+6KOBO+3H,0.) Ob- 
viously, this reaction depends upon the behavior of the acidic 
boromannite compound as a strong acid, stronger than acetic, 
tartaric, or citric acid; for these acids have been found by 
Furry+ to be ineapable of liberating iodine regularly from a 
mixture of iodide and iodate, Conditions which tend to in- 
crease the acidic activity of this compound are concentrated 
solutions and moderately low temperatures. +t 

Glycerine acts in general as mannite to produce acidic com- 
pounds with boric acid ; and in a prelinffnary way, the relative 
acidity of the products formed by these two polyatomic alco- 
hols with boric acid may be indicated by the results of two 
experiments in which the iodine liberated from a mixture of 

* This Journal, vii, 147. + Am. Chem. Jour., vi, 341. 


¢t Magnanini Gaz Chim, xx, 428, xxi, 134, and Lambert, Compt. Rend., eviii, 
1016, 1017. 
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potassium iodide and iodate, proportionately to the time 
required for the liberation, is taken as a measure of the strengths 
of the acids developed. 

Equal amounts (10°*) of a standard solution of boric acid, 
repared from the anhydride,* were drawn into separate 
later flasks and a neutral solution of iodide and iodate 
added to each in an amount sufticient to liberate iodine in 
quantities corresponding to the acid used. One solution was 
treated with glycerine enough to constitute one-half the entire 
volume of the liquid: mannite (about 5 grms.) was added to 
the other. The thiosulphate required, immediately and after 
definite periods of time, is shown for each solution in the fol- 
lowing table : 

TABLE I. 

B.O; solution (10°™*) B20; solution (10°™*) 
with mannite. with glycerine. 
Thiosulphate required, Time. Thiosulphate required. 
18-60°"" immediately 
21°30 * after 15 minutes 10°50 “ 
22°00 30 « 1115 
22°05 * a 2 hours. 11°60 “ 


The solution of boric acid contained 7-706 grm. per liter. 
The thiosulphate was ‘0999 normal. According to theory, the 
amount of thiosulphate required for 10°™° of the boric acid 
solntion is 22°02°°, From these data we may observe that at 
the end of 30 minutes, in the solution containing mannite, 
practically the theoretical amount of thiosulphate had been 
used, while only about 50 per cent of that amount had been 
required to bleach the iodine liberated by the glycerine com- 
pound. Obviously, mannite forms with boric acid a more 
acidic compound than glycerine, and, from the indication given 
in the above experiments, may be relied upon, under certain 
conditions, to liberate the theoretical amount of iodine. If, 
from the iodide and iodate used to destroy the excess of min- 
eral acid and already present, the boric acid, upon the addition 
of mannite does liberate iodine regularly—as the previous 
experiments seem to indicate—this liberated iodine should 
form a most convenient measure of the boric acid present. 

On studying the conditions requisite for the complete libera- 
tion of iodine according to theory, several important points 
have come to light. 

It has not been found possible under any conditions to rely 
upon the immediate liberation of the full amount of iodine: a 


*The recrystallized hydrous boric acid should be fused in a platinum dish and, 
after cooling aud breaking into small pieces, the desired amount placed in a small 
weighed platinum crucible and again fused until no more water escapes. After 
cooling and weighing, the boric oxide may be separated from the crucible, or with 
it placed in warm water, dissolved and made up to a definite volume. 
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certain period of time is required for the completion of the 
reaction. When the solution is of small volume and saturated 
with mannite, the reaction goes to the end most quickly— 
sometimes almost immediately—but there is this limitation 
which must be made emphatic, viz: that if the solution of 
boric acid is too concentrated—near saturation—the borie acid 
alone, when the iodate and iodide are added to destroy any 
other free acid present, throws out some iodine and on bleach- 
ing with thiosulphate a starting point is obtained at which 
some of the boric acid has already entered into combination. 
The amount of iodine thus liberated by the boric acid is, how- 
ever, not large, and if upon the addition of the iodide and 
iodate, the iodine thrown ont by the free hydrochloric acid 
present is immediately bleached by thiosulphate and the analy- 
sis proceeded with from this as the neutral point, even in con- 
centrated solutions the error is almost inappreciable. If, how- 
ever, considerable time intervenes between the adding of the 
iodide and iodate and the determination of the neutral point 
by thiosulphate, as much as several milligrams of boric acid 
may have liberated its amount of iodine and is, therefore, not 
capable of being registered by thiosulphate after the addition 
of mannite. This difficulty was not met with in those experi- 
ments in which the iodide and iodate were added at a dilution 
little greater than that of the standard solution used (7°738 
grm. per liter), but in an attempt to estimate the boric acid in 
colemanite, where the solution was kept as concentrated as 
possible, hoping in this way to decrease the time required for 
the complete liberation of iodine, low values were obtained ; 
that is, a false starting point was used. 

The dilution found most convenient at the time of adding 
the iodide and iodate is not jess than 25°" for each decigram 
of boric acid (B,O,) present and should not be much greater 
than two or three times that amount. This limitation as 
regards volume is equally applicable, whether after obtaining 
the neutral point and treating with mannite, the boric acid is 
to be measured by a standard solution of alkali as before 
described or as here by the iodine liberated. As has been sug- 
gested, a large volume, even though saturated with mannite, 
prolongs the time of standing necessary and increases the effect 
of carbon dioxide upon the iodide and iodate present, for car- 
bon dioxide, whether derived from the atmosphere or existing 
dissolved in the solution, upon standing, slowly liberates iodine. 
The amount, however, is small and, in the time required for 
the completion of the process, has never been found equiva- 
lent to more than a single drop of the solution of thiosulphate 
used. Even if the material to be analyzed contains carbo- 
nates, after acidifying in concentrated solution and shaking 
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vigorously the small amount of uncombined carbon dioxide 
remaining has almost an inappreciable effect upon the results. 
The length of time required for the liberation of the theoret- 
ical amount of iodine-in a solution of the volume suggested 
above, is 20 to 45 minutes, and at the end of 45 minutes stand- 
ing in a solution saturated with mannite the reaction may be 
considered complete. During this period, however, it is well 
to keep the solution cool—at zero will do no harm—and 
shake occasionally to insure thorough mixture. The free 
iodine would tend to escape upon standing unless kept in a 
closed flask, but it is more convenient, immediately after the 
addition of mannite, to treat with an excess of the standard 
solution of thiosulphate—8 or 10°° more than the amount 
required to bleach the iodine ens and at the expiration 


of 40 to 60 minutes titrate back with iodine. The — 
of the thiosulphate solution found most convenient is => while 


the use of iodine of one-half this strength (7) enables the 


error of reading to be correspondingly diminished. In solu- 
tions of the volume recommended the addition of starch to 
give the indication with iodine is unnecessary and even detri- 
mental, since a single drop of one-twentieth normal iodine in 
excess is sufficient to give a strong lemon coloration, while in 
the presence of starch an indefinite dirty red first appears and 
remains until the blue is brought out by the further addition 
of iodine. 

With these observations in mind, a series of experiments was 
made in which the standard solution of boric acid was drawn 
into an Erlenmeyer flask, containing a small amount of free 
hydrochloric acid and made up to a definite volume. To 
bring the conditions to those of an actual analysis about 1 grm. 
of crystalline calcium chloride in solution was also added. 
Potassium iodate (5-10%* of a 5 per cent solution) and iodide 
(3-5™* of a 40 per cent solution) were added, and the iodine 
liberated by the hydrochloric acid, barely bleached and again 
brought to coloration by iodine. Mannite was added to satu- 
rate the solution, an excess of standard thiosulphate put in, and 
the solution set aside for various periods of time, at the end of 
which the excess of thiosulphate was titrated by iodine and 
the amount of unrecovered thiosulphate taken as a measure of 
the boric acid present. 

The thiosulphate used was 0°198 normal and the iodine 
0:0996 normal. The solution of boric acid contained 7733 
grm. per liter. 
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TABLE II. 
Thio. Todine Time B,O; 
taken. taken. taken. of Volume. taken. found, Error. 
cm’, standing. grm. grm. germ, 
A 
28°00 32 00 1°88 0:30 28 0°2165 0:2168 + 0°0003 
27°03 32°00 4°37 0:27 27 0°2090 0°2081 —0°0009 
27°02 31°97 404 1:09 27 0°2089 0°2090 +0°0001 
B 
27°0 32°04 3°88 1:00 50-60 0°2093 0°2101 +0°0008 
27°02 32°02 4°40 1:00 “ 0°2089 0°2081 — 00008 
27° 31°72 3°39 1:00 0°2091 0°2096 +0°0005 
C 
27°01 31°53 2°88 2:00 ss 0°2089 0°2100 +0°0011 
26°05 31°01 4°01 3:00 - 0°2014 0°2025 +0°0011 
dD 
27-00 31°00 2°12 0:30 0°2088 02089 +0°0001 
27°00 32°00 4°05 0:30 0°2088 0°2092 +0°0004 
26°01 32°02 6°20 0:30 0°2011 0°2018 +0°0007 
27°03 31°01 2°21 0:48 ™ 0°2090 0°2087 —0°0003 
27°05 31°89 3°81 0:45 a“ 02092 0°2093 +0 0001 
26°07 31°02 4:14 0:40 0°2016 0°2020 + 0°0004 
27°00 32°04 4.30 0:40 60 0°2088 0°2086 —0°0002 


These results are so regnlar that the method seems worthy of 
high commendation, and especially since the standard solu- 
tions, thiosulphate and iodine, upon which the process depends, 
are so easily prepared and generally at hand. 

The full method of procedure recommended is as follows: 
The borate is dissolved in as smal] volume and as little hydro- 
chloric acid as possible, shaking well to remove free carbon 
dioxide and diluting so that, at the time of adding potassium 
iodide and iodate, there shall be approximately 25-50% of 
solution for each decigram of boric anhydride present. The 
greater part of the excess of hydrochloric acid in the solution 
is destroyed by sodium hydroxide and the use of litmus paper, 
leaving the solution distinctly acid in reaction. Potassium 
iodide (3-5°* of a 40 per cent solution), and iodate (5-10™ of a 5 
per cent solution) are added in excess of that required to liber- 
ate iodine in an amount corresponding to the hydrochloric 
acid and the boric acid present. The iodine liberated by the 
free hydrochloric acid is bleached by a small amount of a 
strong solution of thiosulphate, and after agitating to insure 
thorough mixture, iodine is added to faint coloration. Suffi- 
cient mannite is now used to saturate the solution—about 
10-15 grm. for a volume of 50°°—and sodium thiosulphate 
added in standard solution 8-10 in excess of that required 
to bleach the iodine immediately thrown out by the mannite. 
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The solution is again brought to saturation, if necessary, by 
mannite and after standing in a cool place for 40-60 minutes, 
titrated with decinormal iodine to determine the excess of 
thiosulphate present. In the manner described, specimens of 
erude calciuin borate and crystals of colemanite were analyzed 
with the results given below. 

The solution of thiosulphate used was 0°19939 and the 
iodine 0°0996 normal. 


TABLE III. 


Calcium borate. 


Thio Todine Volume of B,0; 

Mineral. taken, taken. Time solutions. found. Per 

cm*, cm’, standing. em’, grm. cent. 
0°4015 35°05 4°75 1:00 40 0°2280 56°92 
0°4010 35°34 5°23 2:00 45 0°2283 56°94 

Colemanite. 

0°4002 32°00 5°50 1: 30 50 0°2043 51°04 
0°2513 32°01 7°36 1:00 40 0°1279 50°91 
0°4007 33°03 772 : 50 65 0°2036 50°81 


These results show little variation and in the ease of cole- 
manite correspond closely to the theory 50°97 per cent. The 
process is convenient, generally applicable and accurate within 
the ordinary limits of analysis. 
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Art. XIV.—A Method for the Detection and Separation 
of Dextro- and Levo-rotating Crystals, with Some Obser- 
vations upon the Growth and Properties of Crystals of 
Sodium Chlorate; by D. ALBERT KREIDER. 


Two properties of optically active crystals are available for 
their detection and separation. First, the sense of the optical 
activity itself, and second, the hemihedral structure which, in 
many cases at least, differentiates the enantiomorphie forms. 
While it is possible, in some cases, as in the separation of the 
dextro and levo tartaric acids: by the erystallization of the 
sodium-ammonium racemate, according to the method of 
Pasteur, to pick out the two sets of erystals by taking advan- 
tage of their hemihedral structure, this is rarely if ever the 
ease with crystals of sodium chlorate, which in many respects is 
the most desirable substance to employ in certain investigations 
upon optical activity. 

In these crystals it is only rarely that the hemihedral pyra- 
midal face which distinguishes the dextro from the levo form, 
is sufficiently well developed to enable one to distinguish thus 
between them. Indeed in not a single set of the many crops 
of erystals which the writer has grown has there been any 
considerable number of crystals showing even traces of this 
face. The crystals commonly grow in rectangular forms; 
these vary greatly in shape, some being cubical, but almost 
without exception they are flattened and very generally elon- 
gated, with the hemihedral faces rarely showing. 

Dependence must, therefore, be placed upon their optical 
properties, and this involves the use of the pglarimeter or 
polarization-microscope, both of which are expensive and unsat- 
isfactory for this purpose, inasmuch as only one crystal at a 
time can be examined and even then for a decisive test must 
be of considerable size. 

In the course of an extended investigation upon related sub- 
jects which involved the separation of the two kinds of erys- 
tals, some of the results of which have been published in a 
recent communication from this laboratory,* I have been 
impressed with the inconvenience and tedium of the methods 
usually employed. My efforts to devise some means of effect- 
ing the separation, which would be more expeditious and at the 
same time sufficiently delicate, have resulted in a very simple 
arrangement of apparatus the parts of which may be found 
in any laboratory and which makes it possible to examine a 
whole crop of crystals ina glance or to separate them with 
ease. Moreover, it permits of the examination or determina- 


* This Journal, vol, vi, p. 416, 1898. 
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tion of the optical nature of the crystals during their growth 
or at the instant of their appearance, without disturbing them 
in the least; thus a me to decide a point which had 
previously been open to question. It is also more delicate 
than any polariscope I have ever used. 

The instruments employed for the determinations recorded 
in the article referred to were of the type in which a bi-quartz 
or half-shadow field is used, as in the well known Scheibler 
and Laurent polarimeters; various efforts to fit up something 
simpler having proved futile. 

It is rather surprising to find others still employing the 
polarization-microscope for this purpose when the polarimeter 
is so much more satisfactory. After being adjusted to the tint 
of passage, a very small crystal simply held in the field of view 
by a pair of forceps or, if desired, moved from one to the other | 
half of the illuminated disc, instantly and without further ad- 
justment, reveals the sense of its rotation. But the objection 
to its use, as well as to that of the polarization-microscope, is 
that it necessitates the handling of each individual crystal of 
every crop, which when many are involved demands a great 
deal of time and labor. 

The characteristic feature of the device which I proceed to 
describe, is a larger field of view than that of the other instru- 
ments, and one of uniform color of such a tint that when a 
mixture of the crystals is placed in it they assume different 
colors sufficiently striking to permit of their being easily 
distinguished and separated. It consists of two Nicol’s 
prisms and some optically active substance, which latter 
may as well be a crystal of the kind to be experimented 
upon. I have also used quartz sections, but greater sen- 
sitiveness seems to result from the employment of the sodium 
chiorate crystal if it is sufficiently transparent. This will 
be appreciated as a perfectly satisfactory and economical sub- 
stitute for the more difficultly attainable bi-quartz or simple 
quartz section, where the latter are not at hand. The crystal 
is mounted over the polarizer and observed directly through 
the analyzer. If the Nicols are crossed and the crystal then 
inserted between them, light will of course be transmitted, and 
if white light be employed, by rotating the analyzer, as is well 
known, the various colors complementary to that extinguished 
will appear in the order of the short to the long wave-lengths, 
if turned to the right, when a dextro- rotating erystal = 
employed and in the reverse order, if turned to the left; 
that by suitable adjustment the desired color can easily be ae 
duced, as is explained below. If the crystal is thick enough, 
say one to two millimeters, this will suffice to reveal its nature; 
for if dextro, the blue color will appear shortly on turning to 
the right and if levo, blue will appear by turning to the eft. 
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However, this arrangement would not be sufficiently sensitive 
for smaller crystals and moreover necessitates adjustment of 
the analyzer. 

But if now the crystal is mounted over the polarizer, and the 
analyzer be so adjusted as to bring into the field the blue color 
and then turned just enough to cause the blue to merge into 
purple, a very sensitive field is obtained. All that is required 
then is to insert a erystal, ever so small, between the analyzer 
and “ field crystal,” whereupon either the blue will be restored 
or a deeper red obtained. In the first case the rotation of the 
erystal is evidently the same as that of the field erystal, and in 
the other case, the opposite. Jor larger crystals the change of 
color is only greater and not less certain in its evidence as to 
the optical properties of the crystal under investigation. 

It is thus only necessary to select some clear and good-sized 
crystal whose rotation may easily be determined as above stated 
and then to use this crystal as the “field crystal.” Without 
any change after the first adjustment above described, various 
crystals may now be brought into the field of view and the 
color they assume will instantly disclose their nature. This 
may be facilitated by spreading them on a long piece of glass, 
which may then be drawn through the field, and if it is desired 
to separate them, all those which, for example, turn blue may 
be picked out. This is extremely sensitive ; the merest specks, 
if of the same rotation as the field crystal, being revealed. 
Those of opposite sense are less easily detected; but in using 
the device [ have usually employed two field crystals of oppo- 
site rotation, separately mounted, as shown at m, n, fig. 1, so 
that either could be swung into the field and the analyzer ad- 
justed. This however is only rarely desired and then merely 
for confirmation, where a considerable number of very small 
crystals occur. 

The sensitiveness may be further increased by placing the 
very small crystal in the field and then turning the analyzer to 
and fro over the turning point of color, when the speck of a 
crystal, and its optical nature as well, will be revealed more 
sasily by the color there preceding or lagging behind that of 
the field. In this way I have often been able to locate and 
study tiny crystals in the solution which were so small as to 
escape detection by reflected light. 

Fig. 1 illustrates the arrangements of the parts of the 
apparatus just described: p is a wooden handle through which 
passes the brass rod 7 s, to which are fastened the universal 
clamps 0 and z, which hold small, hollow, wooden cylinders 
turned to fit the mounted Nicols; m and m are respectively 
the dextro and lvo erystals of sodium chlorate, chosen for 
transparency and sufficient thickness, say 2 to4™™. They are 
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mounted in cork dises which permit of either one being easily 


brought in or out of the field; y is 
a mirror which reflects the light from 
x vertically into the polarizer. By 
employing a long rubber tube to 
supply a, the apparatus is made port- 
able and hence specifically adapted 
to observations of crystals during 
growth, by simply moving it so as 
to bring the flat-bottomed, shallow 
beaker containing the crystallizing 
solution between o and ». The 
beakers were held between two 
long supports which enabled one to 
see through the solution vertically ; 


whence by simply moving the appa- 
ratus so as to include one after the 


other, observations could be taken without any disturbance 
of the crystallizing solutions. 

The most satisfactory arrangement, however, is that which I 
have employed to enlarge the field of view, so that a whole 


2. 


crop of crystals could be examined at once; 
the number of each counted or separated by 
pushing to one side or picking out, as desired. 
Here, as in the first form, the line of sight was 
vertical. Fig. 2 shows the arrangement of the 
parts, which were simply held by universal 
clamps to an upright rod. The source of light 
was an Argand or Welsbach burner, sending 
light in the direction from a@ to the mirror, d, 
which reflects the light vertically into the 
polarizer, c. Upon the Nicol was placed a 
double convex lens, d, of short focal length, 
and in its focus was fastened the field crystal, 
é, of sodium chlorate mounted in a dise of 
cork. Thus all of the light was subject to 
rotatory polarization and formed a strongly 
diverging beam. Where the cone of light 
had a section of about 7 or 8™ in diameter, a 
plano-convex lens, 7, of longer focal length, 
was placed, with the plane side up, and upon 
this was laid a sheet of glass, which acted as a 


table for the crystals to be investigated. Thus the light was 
spread and again converged, the crystals occupying the 


broadest part of the illuminated path. 


At the focus of the 


light from the second lens was placed the analyzing Nicol, 
g, through which the crystals were viewed directly, by bring- 
ing the eye close to g. 


Upon turning the analyzer, the 
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erystals undergo the expected change in color and are beauti- 
fully differentiated. During the turning they may all change 
color, but never so as to leave the result uncertain. For it is ° 
evident that, if the field crystal is selected so as to be thicker 
than any of the regular crop, the crystal examined can only 
increase or diminish its effect but never reverse the rotation. 
Hence the blue color will only appear at the two characteristic 
points in rotating the analyzer through 360°. But if this con- 
dition is not fulfilled, then a thicker crystal of opposite rotation 
would, at some point, turn blue, just as would a crystal of the 
same rotation whose thickness was the difference between the 
field crystal and the one under consideration. Usually the field 
crystal was 3 or 4™™ thick. The crystals grown rarely exceed 
this thickness, and if they do, their determination affords no 
difficulty by the simple use of the two Nicols as before stated. 

If the analyzer be adjusted so that the smallest of the blue 
crystals is distinctly blue, then if the field crystal is 3™™ thick, 
a crystal of the same kind 10™™ thick would still have a bluish 
tint in this field, while a levo crystal of that size would be dis- 
tinguished by a yellowish tint, or at least lack the bluish tint. 
This of course is an extreme test, the crystals never growing to 
that thickness under ordinary conditions: but it gives some 
idea as to the range within which the detection may be made. 

Manifestly, the greatest efficiency of this device would only 
be obtained when the crystals under examination are shielded 
from diffused light: which, in my work, was accomplished by 
aid of a piece of dull black paper, or by working in a moder- 
ately dark room. 

The Growth of Crystals.—It may be worth while here to 
add some of the results which the writer has obtained in 
a little investigation of the causes which determine the result- 
ant optical activity of a crop of these crystals, to which Pro- 
fessor Japp’s inaugural address, and the discussion to which it 
gave rise, adds some interest. 

First, I have to add to the evidence adduced by Marbach,* 
Grenezt and Landoltt in favor of the optical neutrality of the 
ultimate molecule of sodium chlorate, the results of a number 
of experiments in which, starting with only one kind of erys- 
tal, I have obtained, by repeated recrystallization, successive 
crops of crystals whose resultant rotations, i. e., the excess of 
dextro or levo forms, bear no connection whatever with that 
of the original lot. For example, I have selected a number of 
pure dextro crystals and allowed their solution to crystallize by 
spontaneous evaporation. The dextro and lzvo crystals of the 
crop were then separated, counted and weighed ; after which 
they were again mixed and dissolved. These were then allowed 
to reerystallize and the whole process repeated. But the 
* Pogg. Ann., xci, 487. + Ber., xxix, 2, 2410. ¢ Compt. Rend., Ixvi, 855. 
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results were in no respects different from those obtained when 
an equal quantity of both crystals were taken at the start. 
The same was done with levo crystals and with a number of 
independent lots. In one ease, starting with pure levo crystals, 
a crop having eighty per cent of dextro crystals was obtained and 
upon reerystallization gave an excess of lxevo. To record the 
results in detail, is hardly worth the space. It may simply be 
said, that there is no connection whatever with the optical 
activity of the original crystals and that of the new crop. 
This will of course be true only when the crystals are thoroughly 
dissolved or the solution filtered before recrystallization , since 
any nucleus left in it would affect the result, as the following 
experiments prove. 

In the second case, as has previously been pointed out, when 
a crystal of one kind is placed in a saturated solution, the 
resultant optical activity of the crop of crystals is always the 
same as that of the crystal inserted; the percentage, however, 
seems to depend upon the rate of precipitation. This seems 
to point to the influence of the first crystal formed, as the cause 
of the excess of one or the other kind in the crop. To further 
investigate this, I have grown crystals by carefully observing 
the optical properties of the first one formed. ‘The apparatus 
illustrated in fig. 1 is admirably adapted to this purpose, since 
it permits of the observations without the slightest disturbance 
of the crystallizing solution. Owing to the irregularity in the 
rate of formation of the crystals under varying conditions of 
temperature and humidity, a series of such results is tedious 
and difficult ; demanding the continual presence of the observer, 
in order that the determination should be made at the moment 
of the appearance of the first crystal. For example, one 
experiment which was started at noon by filtering a portion of 
a saturated solution—in this case one which had stood over an 
excess of crystals for several weeks and had been well shaken 
several times daily—had formed no crystals by 9 o’clock of the 
next day; though by 10.30, nine fair-sized crystals had 
developed. In other cases they appeared during the same 
afternoon or night. Moreover, any particles of dust settling 
on the solution form nuclei, about which clusters of erys- 
tals are apt to develop and in such cases grow more rapidly 
than those under the liquid, though the latter may have been 
first to appear. The conclusion of. many experiments was pre- 
vented in this way, as well as by the simultaneous appearance 
of a number of crystals. However, by taking precautions 
against dust and by securing approximate uniformity of tem- 
perature, etc., a number of experiments were successfully con- 
cluded: and in every single case where the first crystal formed 
developed appreciably before others appeared, the resultant 
activity of the crop was invariably that of the first crystal. 


Sloane Physical Laboratory. 
Yale University, July 1, 1899. 
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Art. XV.—The Devonian Interval in northern Arkansas ; 
by Henry S. WILLIAMs. 


IN numerous places in northern Arkansas the evidences of 
an unconformity separating the Silurian from the overlying 
Carboniferous are very clear. In some cases there is no rock- 
material separating these two grand terranes. In other cases 
there are greenish shales, or coarse sandstone, with polished 
grains and rounded nodules of black shale; and in the western 
sections the interval is occupied, in part, by a black shale, the 
Eureka shale of the Washington County report.* The sand- 
stone when present is called the Sylamore sandstone in the 
various reports. The materials discussed in this paper are 
from the following localities. The numbers before the names 
are locality numbers of the United States Geological Survey, 
under which the materials studied are catalogued preparatory 
to final deposit in the National Museum. 


1246. Buck Horn, Stone Co., Arkansas. | 1238. St. Joe, Searcy Co. 


1281, Roasting Ear Creek, Stone’ Co. 1277. Cave Creek, Newton Co. 

1278. Rush Creek, Marion Co. 1410. Eureka Springs, Carroll Co. 
1282. Dodd City, Marion Co. 1279. War Eagle Creek, Washington Co. 
1414, Long Creek, Searcy Co. 1291. Buffalo Fork, Newton Co. 


On passing westward from Batesville, the first locality, from 
which specimens representing this interval have come, is 3 
miles north of Buck Horn, Stone County (No. 1246 A) on 
Cagen Creek. 

No. 1246. Buck Horn, Stone Co. 

This station was first reported by Dr. Branner as “section 
3, 14 N., 9 West, at John Greenway’s ; over 4 feet black shale 
overlaid by one foot that weathers red.” It is 82/11 of Hop- 
kins’s report of ’89, Oct. 3d; and was reported by me in letters 
Nov. 9, ’89, as “a black shale very similar to the Berea of Ohio.” 
Afterwards, Mr. Stuart Weller was sent into the region and 
reported the exact sections from Cagen Creek, 3 miles north of 
Buek Horn, July 13, 1891. 

Study of the fossils in connection with the sections resulted 
in the following interpretation, viz: 

1246 A3. A red marble == St. Joe marble. (= Eocarboniferous.) 
A2. Black shale with Lingulas, several feet thick. (= Eureka 
shale. 
Al, A aa marble with no fossils seen, probably the Polk 
Bayou limestone. (= Trenton). 


This section is in the hollow on the south side of the creek. 
The section B was made 200 yards east of A; and B’= A’; 


* Ann. Report, 1888, vol. iv, p. 26. 
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B2 = AQ, but B2 is a hard, greenish black rock with rounded 
black pebbles; B3 = A3. The 3d section is taken at a point 
about half a mile up the creek, on the east side. C1, 2 and 3 
correspond to A2; and consist first of black shales, with a 
band of hard black limestone 4 inches thick (C2) in the midst. 
This is followed above by the St. Joe marble (C4), and is capped 
by Boone chert (C5). 

At the Buck Horn locality the interval, between the pink 
Silurian limestone which contains no fossils and the overlying 
red Carboniferous marble, contains a few feet of typical black 
shale, such as represents the Devonian interval in Tennessee. 
It contains a small Lingula which may be called L. spatulata, 
until some one succeeds in determining where to draw the 
specific limit between the minute forms of the Genesee shale 
of New York and the several forms which succeed it in the 
black shale strata of the Waverly of Ohio. 

Associated with the Lingula are Conodonts, as in the Gene- 
see and similar shales in New York state. Two hundred 
yards east of this section (at 1246 B), the same interval is oceu- 

ied by a hard, siliceous, greenish-black rock with very hard, 
rounded black nodules, with no fossils seen. In both of these 
interval-filling rocks are found the coarse, polished, siliceous 
grains so characteristic of the Sylamore sandstone, indicating 
identity of origin for the three kinds of material. The black 
shale may be called the Hureka shale, stratigraphically speak- 
ing; but its identity paleontologically has not heretofore been 
established. 

The next place from which evidence has been seen is Roast- 
ing Ear Creek, 8 miles southeast of Big Flat, in the western 
part of Stone County. 

No. 1281. Roasting Ear Creek, Stone Oo. 

The materials examined from this section were collected by 
Weller, from a point 8 miles southeast of Big Flat, July 10, 
1892. The fossils in the red limestone (A1) were supposed by 
him to have fallen down. They are all Trenton fossils, show- 
ing the rock to be the Polk Bayou limestone. The shale (A2) 
contains the same kind of black pebbles seen in 1246 B2. 

Here the interval-tilling material is a green siliceous shale, 
more or less calcareous, containing fragments of shells and of 
what appears to be broken fish teeth, and well-rounded pebbles 
or nodules of hardened black shale; everything too much 
broken and polished to indicate the genus or even class of 
organisms with certainty. This‘rests immediately upon red 
marble of Trenton age, the Polk Bayou limestone. The over- 
lying rock is not reported. 

About twenty-five miles northwest of this section is seen 
another outcrop at the “narrows,” 3 miles from the mouth of 
Rush Creek, in Marion County. 
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No. 1278. Rush Creek, Marion Co. 

The section 1278 was taken-along the creek, opposite the 
mines, by Weller, July 9,1891. The limestone (A2), coarse- 
grained, pinkish, containing Trenton fossils, is thus shown to 
be the Polk Bayou limestone. The limestone below (Al and 
B1) is probably the same as the heavy bedded blue limestone, 
and, though no fossils are seen in it, the probability is that it 
is the J/zard limestone of the Reports. The coarse saccha- 
roidal sandstone (A3 and B2) is the Sylamore sandstone. The 
red marble (A4 and B3) contains a few fossils of Carbonifer- 
ous age, and is therefore the St. Joe marble of the Reports. 
Section 1278 B is taken on the hill, three miles from the mouth 
of Rush Creek. The evidence that the Sylamore sandstone 
represents the Black shale (Eureka shale) is clear upon com- 
paring the sections 1278 and 1246. This interval-material is 
pinched out to almost nothing in the following section. 

Another section was seen at Dodd City. 

No. 1282. Dodd City, Marion Co. 

The section reported was taken at a point 3 miles north of 
Dodd City, Durst’s spring, by Weller, July 23, 1891. He 
reported that the red marble (A3, St. Joe marble) rests directly 
upon the blue-gray limestone (A2), which contains fossils show- 
ing it to be the Polk Bayou (Trenton) limestone. Below it is 
a bed of the Ordovician, Saccharoidal sandstone. No rock 
was discovered in the interval, but the gap was seen separating 
the two limestones, and the upper one is identical (so far as 
the characters of the limestone, without actually seeing fossils, 
can be depended upon) with the St. Joe marble of the other 
sections. We see here a case of a true interval, representing 
all the time from the Trenton to the Carboniferous, certainly 
later than the Chouteau, and without sufficient disturbance of 
the horizontality of the rocks to make the unconformity 
apparent. 

A few miles west of the Roasting Ear Creek section, on 
Long Creek, near a place called Providence, Searcy County 
(1414 A), is seen another section, with the Silurian terrane termi- 
nated by St. Clair limestone, and then about two feet of inter- 
val, filled with characteristic Sylamore sandstone with its 
polished siliceous grains, and black rounded nodules. 

No. 1414. Long Creek, Searcy Co. 

This section, taken along the bank of the creek, was visited 
by Dr. Branner and myself; and when it was first seen, it was 
quite impossible to imagine that the two mestones were not 
actually continuous. The beds lie nearly horizontal, and a 
stretch of their exposed edges is in sight for several hundred 
feet. The interval (A2) was discovered only after search. 
The fossils in the limestone (A1) belong to the Ni iagara fauna 
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of the St. Clair limestone. The Sylamore limestone (A2) 
wears away faster than the limestone and shows a retreat in the 
ledge of exposed rocks. When examined, it is found to be 
the typical Sylamore sandstone composed of polished sand 
grains, and pebbles of black shale and fish-bone fragments. 
Immediately above it comes, without apparent change i in the 
plane of bedding, the Sz. Joe marble (A3) containing Carbon- 
iferons fossils. 

Still further west is the St. Joe section. 

No. 1238. St. Joe, Searey Co. 

In this section, the green shale, associated with the Sylamore 
sandstone (A4 and 5), contains nodules like those in the sand- 
stone; and the Lingulas contained in them, and fragments of 
Lingulas i in the black nodules, point to a common origin for the 
varying kinds of deposit, i.e., black shale, Sylamore ‘sandstone, 
and this green shale containing the black nodules. A piece of 
large fish-plate indicates the age to be as late as Devonian, but, 
in itself, does not make certain that it may not have been late 
Devonian, though the probability is that it belongs below the 
latest Devonian. At this point the termination of the Silurian 
terrane (A2) is Trenton limestone (Polk Bayou limestone). 
The interval material is, first, a few feet of green, gritty mud 
shaly rock (A4), including a few black, rounded, hard nodules, 
its upper part shaly, followed by four inches of Sylamore 
sandstone (A5), with its characteristic polished siliceous grains 
and black worn nodules. The nodules are slightly calcareous, 
due either to infiltration of calcite, or included fragments of 
shell. Some of the nodules contain pieces, and whole shells 
of Lingulas, but the structure of the nodules suggests aggluti- 
nation. In one of them a grain of the polished silica is 
enclosed ; and in another the “nodule is made up of fragments 
of shells and oolitic grains. The sandstone is followed above 
by a compact, red Carboniferous limestone (A6) of thirty feet 
thickness. The under surface of this limestone, where it came 
in contact with the interval sandstone, is penetrated by, or con- 
tains black nodules like those below; two specimens were 
obtained partially surrounded by the crystalline limestone. 
The Lingula is like a minute Zengula spatulata of the New 
York black shales, but is rather shorter and more solidly 
formed than the ordinary type of Z. spatulata. However, the 
variability expressed in the few specimens examined leaves no 
mark for differentiating it specifically from ZL. spatudata, as 
seen in sundry localities in the north. 

In one piece of the Sylamore sandstone, a large fragment 
of a fish-plate was found, reminding one of the plates of 
Dinichthys of the Black shales of Ohio. But the piece is 
worn and crushed, and its original outlines are indistinguish- 
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able. The bony texture is preserved, and the fragment, 2 by 
3 inches in diameter, is $ to 4 inch in thickness. 

In Newton County, a section was seen near the Saltpetre 
Cave, Cave Creek P. O. 

No. 1277. Cave Creek, Newton Co. 

The first specimens seen frum this section were collected by 
Mr. Hopkins in the summer of 1890, and were marked as from 
Saltpetre Cave at Cave Creek P.O. In the next season Mr. 
Weller collected from the same section, sending in enough 
specimens to make out the several elements of the section. 

he interval-material of this section is a hard, black, shaly 
rock, about 18 inches thick (A2) separating the Polk Bayou 
limestone (A1) from the overlying red marble (A3), the St. 
Joe marble, which is here 10 feet thick; above it lies the 
cherty limestone (A4), which is called Boone chert in the 
Reports. The black shale (A2) contains Lingulas as in the St. 
Joe section. 

The typical locality for the black shale is Eureka springs, 
from which the formation derives its name. 

No. 1410. Eureka Springs, Carroll Co. 

The full section of the rocks at Eureka Springs is given in 
volume iv of the Annual Reports of the Geological Survey 
of Arkansas for 1890.* The part of it interesting in this 
place is that given in my section 1410 A. A’ is the top of the 
saccharoidal sandstone; resting immediately upon this and 
without any apparent change in the plane of bedding is the 
black shale (A2). In the section, in the midst of the city, the 
thickness of black shale is about four feet, with a foot above it 
of green shale. In some places the green shale is several feet 
thick. When I visited the locality, an excavation for the cel- 
lar of a building exposed a fresh cut of about six feet of the 
greenish shale, from which a few fossils were obtained. The 
black shale ran up into the green without any sharp line of 
sudden change, showing a continuous deposition. The black 
part is, however, the typical Eureka shale (A2), while the 
upper green part is a representative of the formation which in 
Tennessee is much more important and constitutes in that 
region the lower member of the Carboniferous system. The 
sandstone (A’) below the Eureka shale is the Ordovician rock 
lying below the Polk Bayou limestone. It will be noticed that 
where the black shale, filling the interval, is present and 
thickest in the northwest it rests on the lower formations, 
below the Polk Bayou limestone, and the erosion has cut into 
the saccharoidal sandstones. It seems probable that these 
sandstones were the source of the polished siliceous grains 


* Marbles and other limestones, by T. C. Hopkins. 1893, 
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characteristic of the Sylamore sandstone, and if this be a cor- 
rect inference, a reason is apparent for the distribution of the 
Sylamore sandstone over surfaces which had not eroded so far 
down as this rock; since the place of sedimentation would not 
be the same with the place of erosion from which the materials 
were derived. 

Further south, in the northeast corner of . Washington 
County, Arkansas, specimens have been obtained containing a 
_ few indistinct fossils which are important in interpreting the 
age of this interval-deposit. 

No. 1279. War Eagle Creek, Washington Co., T. 18 N., 

R. 28 W., Sect. 15. 

The materials were collected by Mr. Weller, and the section 
is described as a bed of black shale (1279 A’) with very little 
iron pyrites, containing fossils, followed immediately by a red- 
dish-gray limestone (1279 A2) containing crinoid stems, but no 
distinct fossils. On the opposite bank, the black shale was 
found to be about 30 feet thick, but no fossils were discovered 
in it. The underlying rock was not seen. According to the 
map and descriptions given by Prof. Simonds,* this is the 
Eureka shale underlying the Boone chert and limestone. The 
fossils are in imperfect, frail and crushed condition, but have a 
decidedly Carboniferous aspect. They also appear to belong 
to the same fauna, discovered in the greenish shale (1410 M2) 
into which the black shale of Eureka springs gradually merges 
before reaching the limestone above. 

Three small collections from Newton County (1291 A, B 
and C) indicate the same fauna in greenish shale, and the 
several, together, present unmistakable evidence of the Chou- 
teau fauna of the regions further north in Missouri. 

No. 1291. Buffalo Fork, Newton Co. 

The materials from this region were collected by Mr. G. H. 

Ashley, and the localities are defined as follows, viz : 


1291 A. Eureka shale, from N.W. quarter to S.W. quarter, of sec- 
tion T. 17 N., R. 21 W. 

1291 B. At base of St. Joe marble, probably; 4 miles south of 
Jasper, in Henson Creek, one mile above mouth of 
Panther Creek, S.E., of N.W., Sect. 1,15 N., 22 W. 

1291 C. In shale on top of Saccharoidal sandstone, N. 4, of S.W., 
Sect. 9, 16 N., 22 W. 


The fauna of the interval-filling material.—Although the 
fossils, obtained from the black shales, the greenish shales 
following them, and the nodules contained in the black shales, are 
very rare, imperfect and frail ; a careful study of the material has 


* Ark. Geol. Survey, Ann. Rept, 1888, vol. iv, Washington County, by F. W. 
Simonds. 
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brought out features more or less distinct by which their 
biological relations can be determined. The whole of this list 
may require some specific revision whenever better specimens 
come to light, Enough is preserved to make the generic iden- 
tifications fairly certain. In determining them, great pains was 
taken to discover, if possible, signs of those particular charac- 
ters which mark the difference between closely allied species 
of successive, known geological horizons. A few remarks may 
be given regarding t the points thus ascertained regarding the 
more important genera. 

Lingula.—In the black shale strata, and in the black nodules 
of the greenish shales and Sylamore sandstone, a number of 
minute Lingula were seen. These were compared with a large 
series of specimens from the typical Genesee shales of New 
York, Cleveland, Bedford, Berea, Ohio, Huron, Portage, 
Ithaca black shales, Harpeth shales of Tennessee, and from 
similar black-shale rocks of Europe. The conclusion from the 
study is that the forms common in the Genesee black shales 
of New York are the central and typical forms. These are 
often found almost alone. The most frequent associates are 
Conodont teeth and a small Chonetes. From these common 
black-shale forms the succeeding Lingulas differ by slight and 
indefinite gradation, until they Teach a size five times as great 
as the typical Genesee types, and vary in dimensions and in 
thickness of shell. 

The change, which is apparent in the New York sections, 
when the succession is distinct and clear, is from the very 
minute forms in the pure Genesee shale, to larger, broader 
and more rounded forms in the same shales; the variation in 
the Genesee specimens reaches a doubling or tripling of the 
typical size, and with modification in the general form. In 
the blackish shales higher up at about the Ithaca horizon, and 
in Portage strata when they are prevalent, and still higher in 
bands of shale coming in in the midst of Chemung strata, in 
western New York, the larger, broader, more rounded forms 
are seen. In the black shales in the Ohio sections, represent- 
ing the upper part of the Chemung and reaching up into 
undoubted Carboniferous horizons, the same form is traced, 
increasing somewhat with the rise in horizon and as they mix 
with other species. Finally, we reach a form, which is repre- 
sented fairly well by Meek and Worthen’s Lingula subspatu- 
lata. The fact that the subspatulata size and form are reached 
in the prevalent Tennessee type has led me to think that where 
it occurs the horizon is well up in the series rather than in a 
mesodevonian horizon. 

In the Arkansas ease, the forms seem to me to come in near 
the upper limit of the Devonian, as expressed in the New 
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York-Ohio region, on the supposition that the modification 
from the minute forms to the broader, oval, flat, enlarged 
forms of the Carboniferous horizons is one due to gradual 
evolution. But I do not feel perfectly confident that this is 
the case. I think it more likely that the conditions of environ- 
ment at the same time would find expression in something of 
this modification. That the species is peculiar to the kind of 
sediments which, in their purity, constitute the black shale, is 
quite evident from a wide study of their occurrences. 

Cyrtina.—In the brownish-black shale of station 1279 Al 
several specimens, which I refer to Cyrtina acutirostris 
Shumard, are found. Several of the specimens are much 
crushed, but the high beak, the attenuated upper part, and 
broad and rather extended mesial sinus and few lateral plica- 
tions, which are not so broadly rounded as in the figure, are 
the characters suggesting the species. The characteristic punc- 
tations are not evident. 

Spirifer.—Several species of this genus are recognized. 
The specimens from 1291 C (Y 200) are clearly 8. marionensis. 
Those from 1279 Al (Y 423) are crushed and only fragments, 
but what is evident agrees with the similar parts of perfect 
‘specimens of S. marionensis. This species is frequently seen 
in the higher beds and across the line in Missouri; it is charac- 
teristic of the corresponding shales at the base of the Carbonif- 
erous. 8. biplicatus Hall is suggested by some crushed speci- 
mens (Y 171), but the material is too imperfect for certain 
identification. S. winchelli Herrick, cf. S. mesacostalis, a very 
perfect specimen. (Y 199), resembles very closely some speci- 
mens of the smaller variety of S. mesacostalis from the Ithaca 
group (Devonian) of New York. It is the type described by 
Herrick, from the Waverly of Ohio, under the name S. win- 
chelli. Mr. Herrick suggests the close resemblance to 8. mesa- 
costalis, but in a note to the writer he says that Professor 
Winchell considered it to be undoubtedly a distinct species. 

S. ? compactus Meek.—Some crushed specimens (Y 172) 
from the green shales at Eureka springs (1410 M2) may belong 
to this species. It has the form of pinguis or suborbicularis 
Hall, and yet is too crushed to well make out the true propor- 
tions. 

Spiriferina ¢ octoplicata.—Specimens (Y 173), fairly repre- 
senting the character of this species, occur in the green shale 
at Eureka Springs (1410 M2). 

Athyris is represented in the green shales (1291) by speci- 
mens, which are referred to A. hannibalensis Swallow (Y 201). 
Another specimen is referred with doubt to A. fultonensis 
Swallow, from the green shales of Eureka Springs (1410 M2). 
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Chonetes.—Two, and perhaps three, species of Chonetes 
occur in these shales. 

C. illinoisensis.—A single specimen of this species occurs 
in the soft green shale (1410 M2), above the black, at Eureka 
Springs. It is smaller and more delicate than the typical forms 
of the species, but has the broad, flat, finely striated charac- 
teristics of C. dlinoisensis. With it are associated many 
smaller forms, which may be of two or one species; the larger 
number are about the size and shape of the New York C. 
scitulus, but varying to the shape of koninckianus. There are 
other specimens with fewer plications, which approach the 
character of Shumard’s @. ornatus. It is altogether probable 
that the specimens described as C. ornatus, Shumard, are the 
same species with these. There is considerable range of varia- 
tion among the specimens before me, and it seems not impos- 
sible that they all may represent a very variable species ; since 
the larger forms are more finely striate by bifurcation of striae, 
and are flat and frail, as in the largest form which I have 
referred to C. cllinoisensis. For purposes of reference, until 
a fuller study of the genus is made, they may stand as C. ¢/li- 
noisensis, ornatus and ? scitulus. 

Productus.—One fragmentary specimen from the green 
shales (1291) (Y 204), though too imperfect to specifically iden- 
tify, is distinctly a Carboniferous type, resembling P. burling- 
tonensis Hall. 

Productus hallanus Walcott, is represented by several 
specimens from the green shale at Eureka Springs (1410 M2), 
and from the black shales at War Eagle Creek (1279 A1). 

The genus Rhynchonella is represented, but the crushed 
specimens make specific identification little better than guess- 
work. Their resemblance to similar crushed specimens, in the 
Tennessee greenish shales in the same geological position, and 
in the Waverly of Michigan and Ohio, which are generally 
referred to the species 2. sageriana Winchell, leads me to so 
label them. These frail, crushed Rhynchonelilas are from the 
Eureka green shales (1410), and from the black shales at War 
Eagle Creek (1279). 2. acuminata var., is also seen in the 
green shales in Newton County (1291). 

Orthidew.—Of this family, several genera are represented. 
Rhipidomella (Oehlert) is represented by forms which are 
generally catalogued under the name Orthis michelin L’ Eveille ; 
but, though crushed, the specimens before me are decidedly 
broader than that species, and thus are more like the Devonian 
types of O. Vanuxemi or penelope. In outline, they are close 
to that of O. Oweni Hall,* but have no trace of the broad fold 


* Paly. N. Y., vol. viii, Brachiopoda I, p. 342, fig. 19 of plate vi. 
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and sinus of that species. They are evidently the same species 
figured on Plate VI A of the New York Volume VIII, 
Brachiopoda I, and called Orthis sp.? (compare O. penelope), 
from the Waverly group of Granville, Ohio. 

As a name, I think it is probable that Hall first distinguished 
the species in question, in the lowa Report of 1858,* under the 
name Orthis michelini, var. burlingtonensis, so that they 
should be called Lhipodomella burlingtonensis Hall. The 
specimens correspond more nearly to specimens in like condi- 
tion in the Burlington than to the typical O. vanuxemi or 
penelope, though in some features recalling the latter. Another 
species, Rhipidomella thiemii (White), is a small species, and 
may prove to be but a young or small form of the burlington- 
ensis species, but, as it is frequently seen of the diminished 
size, it is safe to refer to it as a distinct species. 

Schizophoria is represented by a couple of faint impres- 
sions in the black shale of 1279 Al (Y489). This, for purposes 
of identification, may be referred to S. swallowi Hall, with a 
query ; sufticient evidence is present to refer it to this genus, 
but the crushed condition of the specimen makes it impossible 
to tell what its original form was. 

Strophomenide.—Among the Strophomenids, a few dis- 
tinct representatives of the Leptena rhomboidalis have been 
seen in the green shale of 1291. 

Terebvatuloid shells are difficult to identify, even when per- 
fect, from the exterior alone, but a crushed fragment in the 
green shale of (1279 A1) suggests strongly the form Dielasma 
burlingtonense.—We may refer to this as a possible species 
of the fauna. 

In addition to the specimens whose generic affinities may be 
distinguished, there are Conodont teeth, fragments of fish bones 
which must have belonged to large mailed fish, and Crinoid 
stems. 

When the whole fauna is critically examined, though the 
specimens are nearly all in very imperfect, distorted condition, 
enough may be made out of their zoological affinities to settle 
the question of general horizon. The black shale, when it 
stands out distinct with a limestone below and above, presents 
a fauna which would link the horizon with that of the Genesee 
black shale of New York. But when we examine it, where 
followed gradually by a green shale, becoming finally calcare- 
ous, and running up into thin, shaly limestone beds with the 
green shale alternating with it, before the pure limestone enters 
the section, the evidence of precise horizon is less positive. In 
such a case the fact, that the Genesee black shale has a definite 
geological horizon in the New York sections, must not be 


* Geol. of Iowa, vol. i, part 2. 
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allowed to limit the range of the fauna it contains. The fauna, 
which is well exhibited as soon as the green shales are in force, 
is always of Carboniferous type ; and in one case, we have a 
black shale also containing the same fauna, which I refer to 
the black shale of the War Eagle Creek section (1279 A1), thus 
clearly indicating the stratigraphical continuity of the green 
and black shales of the general region. 

The fauna associated generally with the pure black shale 
sediments in Arkansas, and in other regions in the south, is 
restricted to very few species, of which the Lingula is the 
most frequent often associated with Conodont teeth. This is 
also characteristic of the Genesee black shale of New York. 
My conclusion from the study of the whole problem is, how- 
ever, that the fauna of the Genesee black shale, which has a 
definite limited position in the New York section, is a fauna 
of wide geological range, and is characteristic of the black 
shale conditions of sedimentation rather than of the particular 
limited horizon represented by the Genesee formation. The 
fauna in these fine shales in Arkansas, terminating and follow- 
ing the black shales, is unmistakably much higher than the 
Genesee black shale of New York. Faunally, it is the cor- 
relative of the Louisiana or lithographic limestone, and is thus 
as late as the Kinderhook stage of the Eocarboniferous. 

There can be no doubt regarding the Carboniferous age of 
the faunas of the typical Louisiana limestone. Its fauna is 
characteristically Kinderhook, Waverly, Chouteau, and it is 
not paleontologically correct to refer the Louisiana and Hanni- 
bal (or those Arkansas formations which belong to the same 
epoch) to the Devonian (as Mr. Keyes has done in the Biennial 
Report of the State Geologist of Missouri for 1897, page 59). 
The fauna of the shales terminating the interval deposits in 
Arkansas, is evidently the same as that seen in a similar posi- 
tion in the Lonisiana section in Missouri, and thus belongs to 
the base of the Chouteau or Kinderhook group. 

The age of the Sylamore sandstone and associated deposits.— 
From a study of all the evidence visible, both stratigraphical 
and paleontological, I have reached the following conclusions 
regarding the probable age of the formation of this interval- 
material. The distinct fossiliferous deposit of black shale seen 
in Cagen Creek section (1246 A) cannot be distinguished pale- 
ontologically from the “ Black shales” of the Tennessee, Ken- 
tucky and Indiana sections. The St. Joe sections indicate 
distinctly that the green shale and the Sylamore sandstone were 
formed at the same geological time, i. e., consecutively; and 
that the Carboniferous deposit, following, was formed after the 
Sylamore sandstone was laid down, hence that the sandstone 
with its nodules, and the green mud-shale associated with it, 
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are not later residual products of decay of the lower lime- 
stones, as Mr. Penrose explains the origin of the manganese- 
bearing interval-material in Independence County. Again, 
the black nodules contain Lingulas as do the black shales, “and 
the structure of the nodules, and the evident agglutination of 
some of them, and the coneretionary nature of the oolitic 
grains of which others are composed, all point to a concre- 
tionary mode of formation rather than to a simple rounding of 
broken fragments; while the extreme polishing and medium 
size with absence of finer grains of the sandstone, point to 
excessive erosion. Again, the fauna appearing next above this 
interval-material is in all cases, when covered by rock, of Car- 
boniferous age; the species indicating generally a Chouteau 
fauna, in some cases later Chouteau with traces of Burlington, 
or Keokuk species. 

The interpretation of these facts is that the typical interval- 
materials, the green shale and the Sylamore sandstone, were 
deposited after the period of the formation of the typical 
black shales which, along the borders of the Ozark uplift, was 
terminated, or actually driven outward, by the elevation of the 
region; that these particular deposits mark the stage of sink- 
ing again of the land and the resultant erosion which intro- 
duced the Carboniferous formations for this region ; that the 
time was at the very close of the Devonian and beginning of 
the Carboniferous eras. I conclude that the explanation of the 
varying age and nature of these deposits is due to the sections 
having been taken at places at lower or higher position on the 
gradually sinking land, and expressing the overlap of the suc- 
cessively more recent deposits. This point, however, can be 
satisfactorily determined only by examination of the strati- 
graphical relations of the various formations. My judgment is 
based upon the relations of the various formations in “the few 
sections presenting several of the formations in succession. 

The descriptions in Dr. Penrose’s Report (Ann. Rept., 1890, 
vol. i) stratigraphy of Independence county led me to infer a 
similar explanation of the facts there; but evidence was not 
then at hand to disprove the reference of the red limestones, 
lying above the interval-accumulations, to the Silurian lime- 
stone. If Dr. Penrose was correct in his reference of the 
baggy limestone, in the section of the O’Flynn mine (p. 231, 

g, 14), to the St. Clair limestone, it is difficult to discover any 
ad oth between the Sylamore sandstone and the manga- 
nese deposit which would be included in the midst of that 
limestone. Among the specimens sent in by Mr. Hopkins, 
there is no evidence of the Silurian limestone at the O’F lynn 
mine, but there does appear evidence of a deposit similar to 
the Sylamore sandstone in connection With the so-called 
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manganese bed. The relationship existing between the Syla- 
more sandstone, which is the phosphate-bearing rock of this 
region, and the manganese deposits described in the Batesville 
region, is not yet clear. 

As Dr. Branner has suggested in a latter discussion of the 
subject,* it would appear that the Sylamore sandstone, and 
the manganese deposits, are confused in some of the sections. 
Whether the reason for this is the wearing down of the 
Silurian series, so that the Devonian interval deposits were laid 
upon the surface of the manganese deposits (the Cason shale), 
or whether they have been let down by the solution of an 
originally intervening limestone, it is difficult to determine 
with the evidence now before us. 

There seems to be good evidence.to suppose that they are not 
of the same geological age. Further study of the whole prob- 
lem of the deposits filling the Devonian interval in the southt 
has led to the conclusion that, however much erosion of the 
underlying Silurian formation took place, the sediments of 
black mud forming the shale did not begin till after the 
beginning of the Devonian era. The association of the frag- 
ments of thick bones of large fish with the worn Sylamore 
sandstone, is observed on the eastern margin of the Cincinnati 
plateau in Kentucky. So far as our knowledge of the range 
of species goes, these fish were not living till the early part of 
the Devonian era. The black shale following such worn 
material suggests a sinking of the particular region, and when 
the shale and the worn fragments and nodules alternate, as 
they appear to do in central Tennessee, it may be taken as 
evidence of the continuous, shallow condition of the region, 
which was at that time the southern extension of the Cincin- 
nati plateau. . 

Note.—While preparing this report for publication, I have 
seen vol. iii, Part Il of the Minnesota Report,t and notice a 
remark which suggests the extension of this peculiar interval 
deposit as far north as Minnesota. Describing the section of 
the rocks at Prosser’s ravine near Wykoff, Fillmore County, 
the authors state that “Succeeding the foregoing bed [which 
was of uncertain age, of 6 feet thickness, regarded as Upper 
Silurian, the passage of which lithologically from the Rich- 
mond group (upper Cincinnati group) is described as exceed- 
ingly gradual] and followed with not very strong evidence of 
unconformity by Devonian strata, is a sandstone four feet thick, 


* See the Phosphate Deposits of Arkansas, by J. C. Branner, Am. Inst. Min., 
Eng., 1896. 

+ See the southern Devonian. 

¢ Geology of Minnesota, vol. iii, Part II, of the final report. Paleontology, 
1897, p. ev. 
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which here and there contains large numbers of small quartz 
pebbles, varying between 1 and 10" in diameter. This sand- 
stone we assume to belong to the Oriskany of New York” (p. 
ev). The evidence of elevation and erosion, prior to the 
deposit of this so-called Oriskany, is found in the absence of 
the formations immediately preceding the Devonian formation 
in complete sections. The beginning of permanent sedimen- 
tation with well-worn pebbles is what should be expected, as 
the land was depressed, whatever the time at which it took 
place. A similar thin layer of much worn pebbles and sand, 
separates the magnesian limestones (Ordovician) from the 
underlying gneiss, at a section on the southern slopes of the 
Adirondack at Little Falls, New York.’ It is followed by 
black mud shale with Lingulas, and then the regular magnesian 
limestone of considerable thickness. So other cases might be 
cited, the age of the beginning of the new sedimentation being 
determined by the first fossils above the abrupt change, and 
the unconformity may not be indicated by conspicuous modifi- 
cation of the plane of sedimentation. We should less expect 
real unconformity in the central part of a continental mass, as 
in the Mississippi valley region, than on the borders where the 
folding and faulting has been chiefly concentrated. 


1) 
i 
| 


Am. Jour. Sci., Vol. VIll, 1899. Plate Il. 


Meteoric Iron found near the Tombigbee River, Ala. No. 1 Mass. Seale 4. 
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Meteoric Iron found near the Tombigbee River, Ala. Nos. 5 and 3 Masses. 
Seale 3. 
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Art. XVI.—WNote on a New Meteorie Iron found near 
the Tombigbee River, in Choctaw and Sumter Counties, 
Alabama, U.S. A.; by WARREN M. Foote. With Plates 
II and ITI. 


In March last, the firm of Dr. A. E. Foote, Philadelphia, 
Pa., received from Mr. Elbert J. Brower, Keewanee, Miss., a 
small sample of iron which bore evidences of meteoric origin. 
A further correspondence resulted in the purchase by this 
_ firm, through Mr. Brower, of six.masses of meteoric iron, con- 
stituting so far as known, an entire “fall.” Later a lengthy 
but unsuccessful search and inquiry was made in the vicinity 
for other pieces which might have fallen. 

Nothing whatever is known in that section concerning the 
actual fall; therefore the collection of data made by Mr. 
Brower was limited to securing statements from the finders and 
the owners of property on which the masses fell. These state- 
ments, taken in the presence of witnesses last Jane, are offered 
as a true history under Mr. Brower’s affidavit, and after 
arrangement and elimination of irrelevant matter by the writer, 
are here briefly outlined. 

The external appearance of the specimens is best understood 
by reference to Plate II, made from a photograph of the largest 
mass found. It resembles the usual type of siderites, the 
characteristic depressions and oxidization being wellshown. In 
parts the latter assumes the form of limonite, and what is appar- 
ently an earthy hematite. The disintegration of the iron is 
rather marked, being accompanied by oxidization and the deli- 
quescence of a reddish-brown fluid, lawrencite. This latter 
feature was remarked by the finders, when the specimens were 
left in the rain. The one-third decrease in weight, reported as 
occurring since the largest mass was found twenty-one years 
ago, is further evidence of instability, in the absence of any 
precautions for preservation. | 

Internal Structure.—The smaller mass (No. 5), shown in 
Plate III, exhibits a pronounced cleavage in one corner from 
which a sample, already referred to, was broken. This cleav- 
age is probably not due to any uniform crystalline structure, 
but to the thin plates of a pyritiferous mineral, which are 
irregularly scattered through the mass. The edges of several 
of these plates appear as sharp lines, resembling scratches on 
the polished surface, their true nature becoming evident on 
etching. The iron is soft and takes a brilliant polish. On etch- 
ing No. 5 with dilute nitric acid a cubic crystallization was dis- 
closed by the development of minute Widmanstiitten figures, 


Am. Jour. So1.—FourrH Series, Vou. VIII, No. 44,—Aveust, 1899. 
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whose form could only be observed with the aid of a lens. 
The lines were exceedingly fine and crossed at varying 
angles. A notable difference is seen between the above and 
the markings on an etched face of one-half of No. 3 specimen, 
shown in the lower part of Plate III. In the latter occurs a 
bright bronze-gray mineral which proved after qualitative 
analy sis to be schreibersite. It is strongly magnetic and con- 
tains considerable amounts of iron, nickel and phosphorus. 
This assumes the curious and novel form of large graphic 
characters, some of the curved branching figures terminating 
in angular erystallizations. While Widmanstiitten figures are 
absent, the plessite exhibits a beautiful phenomenon, suggestive 
of a metallic sunstone. It presents a glistening, frosted effect, 
which changes with the light, due to the arrangement of tin- 
white flakes or fissures of the metal. Other portions of the 
etched plessite remain perfectly smooth from the lack of erys- 
tallization. The illustration poorly represents the oddity and 
beauty of the specimen, yet indicates the unique features, 
which establish for it a separate position among the siderites. 

The Composition, as shown by an analysis made by Mr. J. 
Edward Whitfield, on about four grams of the clean metallic 
portion from No. 5, is as follows : 


Per cent. 
0°324 
trace. 

100°015 


History of six masses, having a total weight of 43,795 grams 
(96 lbs. 9 02z.). 

No.1. Weight 15,019 grams. See Plate II. Said to have 
weighed 22, 200° grams when found about 1878. Is now to all 
appearances a complete mass. Found in presence of J. P. 
Smith and C. L. Smith, by R. Y. Smith on the Pleas May 
property, 150 yards south of the Meridian and Tomkinsville 
road, on the west slope of a hill, next an uprooted pine tree, 
which probably dislodged the specimen from the spot in 
which it was buried by the fall. Location, S. W. quarter of 
Sec. 9, Range 2 west, Township 14, Choctaw Co. 

No. 2. Weight 11,976 grams. Irregularly rounded mass. 
Found about 1886 by R. Y. Smith in plowing on land of G. 
D. Smith, on the west slope of a hill situated in the S. E. 
quarter, See. 5, Range 2 west, Township 14, Choctaw Co. 
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No. 3. Weight 9,215 grams. Irregularly rounded piece. 
Found about 1886 by William Howington on land of G. D. 
Smith on top of a hill in 8.W. quarter of Sec. 4, Range 2 west, 
Township 14, Choctaw Co. (about one-quarter mile south of 
No. 2). 

No. 4. Weight 3,568 grams. Flat, oblong piece, showing 
depressions. Found by Henry Wilkerson on property of 
George Bennet, at the side of a ten foot cut in the Gaston and 
DeSotoville road, which there traverses the east side of a hill. 
Location, about 2 miles south of Gaston in the N. E. corner of 
Sec. 31, Range 2 west, Township 16, Sumter Co. This speci- 
men, like No. 1, was buried at some depth by the fall, and was 
unearthed by the wearing down of the public road at this 
point. 

No. 5. Weight 3,260 grams. Egg-shaped mass shown in 
upper half of Plate III. Plowed up by W. C. Moore on land 
of R. L. Moore, situated in the N. E. corner of See. 19, Range 
2 west, Township 15, Choctaw Co. Found about 400 yards 
west of the Gaston and DeSotoville road, on west slope of a 
rocky hill, one-quarter mile S. W. of Jachin. 


| 
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The numerals show the location in which the masses enumerated in the text 
were found, 


No. 6. Present weight 757 grams. Flat oval. Found about 
1859 or earlier by Ben Johnson on land of M. E. Grace. Pre- 
sented to D. F. Alford, who made a horse-shoe nail from a por- 
tion of it (original weight not known). Found about one mile 
north of Jachin, just east of Gaston and DeSotoville road, in 
S.E. corner of See. 7, Range 2 west, Township 15, Choctaw Co. 
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It will be seen from the accompanying map that the masses 
were found in almost a straight line N. and S. and along a 
nine-mile stretch of the public road. As in the case of the 
Coahuila, Mexico, irons (J. Lawrence Smith), which were found 
in a line N.E. to S.W., the smaller pieces falling first, one can- 
not avoid applying such a theory to the present find. The 
main mass moving from north to south, parted during its 
flight and the fragments continued in the same general direc- 
tion, the smaller ones falling first. In support of this theory 
are the facts: at the northernmost point of the line was found 
a mass of about 34 k.; three miles to the south, a mass of 
which only a portion ($ k.) was preserved; one mile south of 
that, a 34 k. piece; four miles farther south, two were found 
4 mile apart, weighing respectively 12 k. and 9 k.; finally one 
mile beyond, at the south end of the line, the largest, weighing 
about 15 k. In all probability, the decrease in weight, due to 
exposure after reaching the earth, was relatively about the 
same for each. Since the fall occurred in two counties, near 
three small villages, it may be conveniently designated by the 
name of the nearest geographical feature, the “ Zombigbee 
River,” in the western watershed of which the find was made. 

The two other iron meteorites, which are near enough geo- 
graphically to the “ Tombigbee River ” to suggest relationship, 
are “ Claiborne,” about 60 miles to the S.E. in Clarke Co., Ala., 
and “Oktibbeha Co.,” about 60 miles west in Mississippi, 
That they are not of the same fall is shown by their widely 
dissimilar compositions, the first containing 95-02 per cent 
iron and 4°11 per cent nickel ; the second, 66°56 per cent iron 
and 24°74 per cent nickel; the third, 37°69 per cent iron and 
59°69 per cent nickel. 

Philadelphia, July 10, 1899, 
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Art. XVII.— On the Orthoclase Crystals from Shinano, 
Japan ; by OC. Iwasaki, Kyoto, Japan. 


THE crystals of orthoclase described in this paper were 
obtained by me from Mr. K. Okubo, a schoolmaster in Nozawa, 
Minamisakugéri, Shinano, who has had the kindness to place 
in my hands some fifty specimens from a locality recently dis- 
covered by him in Moraiyama of the same district. 

In the western margin of the geological block known as the 
Chichibu region, where the geology of the Japanese Paleozoic 
formation has been studied and the name * Chichibu Group ” 
has been given, there are several occurrences of quartz-diorite 
as dikes. Through some of them, there are mineral veins a 
foot in width formed, and the orthoclase crystals are found in 
them mixed with quartz. 

The orthoclase crystals are all elongated in the direction of 
the clino-axis; one end being always broken. They are of 
moderate size, and measure one anda half inches in the longest 
diameter. They are brownish white in color, often with thin 
coating of the brown earth. The élinopinacoid (010) is com- 
paratively clean and lustrous, and striations parallel to the 
vertical axis are seen on it. The basal face (001) is usually dis- 
colored and the cleavage along it is most perfect. All faces 
are so dull that the facial angles can only be measured approxi- 
mately by the contact goniometer. Six crystal faces, (010), 
(001), (110), (130), (101), 201), have been identified. 

The crystals are nearly always twinned after the Baveno 
type but of different types. They may be divided into the 
four classes mentioned below. 

(1) Simple crystals (fig. 1).—The simple crystals are most 
rarely met with. Only two were found among fifty specimens, 
and, even in them, the twinning traces are seen in their margin. 
The crystal habitus is as usual. 

(2) Twin crystals of the Baveno type (figs. 2 and 3).— 
All crystals are drawn in the orthographic projection toward 
the clino axis. Fig. 1. Simple crystal; figs. 2, 3, twin crys- 
tals of the Baveno type (110) and (130) are more developed in 
3. Figs. 4-8, Baveno trillings: 4, normal case; in 5 and 6, 
the groove between A and CO, proceeds into B; in 7 the prism 
is absent; in 8, the faces are unequally developed on both 
sides of the groove. Fig. 9. Baveno fourling. The simple 
crystals are frequently twinned after the Baveno type, a diago- 
nally truncated prism being the result. Among the terminal 
faces (110) plays the most important rdle, (101), (201) and 
sometimes (130) being only seen in a corner or on the edges, 
but rarely (101) and (201) are highly developed and (110) is 
depressed in one side as shown in fig. 3. 
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III. Baveno Trillings.—The crystals are most frequently 
twinned after the Baveno type in the cyclical order, and form the 
same individual as so-called “ Drilling” of Naumann.* If these 
three individuals be noted as A, B, and C (fig. 4), the prismatic 
faces of A and C are in juxtaposition forming a groove between 
these two faces. The most simple case of this type is shown 
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in fig. 4. Often the groove proceeds into B, and two faces of 
the prism of the same individuals make a reéntrant angle (201) 
sometimes (101) being divided into two areas. The devel- 
opment of the crystal faces on both sides of the groove 
commonly takes place to the same extent. But sometimes 
they are unequal as shown in fig. 8. 

IV. Baveno Fourling (fig. 9).—Finally four crystals are 
twinned in the cyclical order, forming the so-called “ Vierling” 
of Naumann, eight faces of the prism of the four individuals 
meeting each other, forming the adjacent faces, and at the 
same time making a hollow pit in the center of the top of the 
longer diameter of the crystal. The four faces parallel, the 
longer diameter consists of four basal faces, while the clinopina- 
coids are wholly hidden. Hessenbergt+ describes such crystals 
from Orfano of Italy. The orthoclase here described is sim- 
pler than his, and does not form the “4 tower in the four 
corners” described by him, but only the hollow pit in the 
center. 


* Hintze, Handbuch der Mineralogie, ii, 1341. 
+ Min. Not., 1867, iv, 45, 183, v, 15. 
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SCIENTIFIC INTELLIGENCE, 


I. CHEMISTRY AND PHuysIcs. 


1. On the two new Radio-actino Elements, Polonium and 
Radium.—Early in 1898* Mme. Sktopowska pointed out 
the fact that certain uranium and thorium minerals, pitchblende, 
torbernite and autunite, emitted Becquerel rays more actively than 
even uranium or thorium, and suggested the presence in these 
minerals of a new substance. Later, in conjunction with her hus- 
band, P. Curtr, she published the method followed in the chem- 
ical examination of pitchblende, which resulted in the isolation 
of the new active substance. The mineral was dissolved in acid 
and the solution treated with hydrogen sulphide. The uranium 
and thorium remained in solution and the precipitate contained, 
besides lead, bismuth, copper, arsenic and antimony, the sulphide 
of the new material, which being insoluble in ammonium sulphide, 
was thus separated from arsenic and antimony. The insoluble 
sulphides were treated with nitric acid, and a partial separation 
from lead effected by sulphuric acid. On exhausting the lead 
sulphate with dilute sulphuric acid, the active substance together 
with copper and bismuth were obtained in solution. On adding 
ammonia, the new body and the bismuth were thrown down, thus 
separating them from copper. Complete separation from bismuth 
was not obtained; though by heating the mixed sulphides to 
700°, the greater volatility of the new sulphide enabled them to 
get a product which was 400 times more active than uranium. 
Believing this new substance, resembling bismuth so closely, to 
contain a new element, the authors gave it the name polonium 
from Poland, Mme. Curie’s native country. For this discovery 
om Academy of Sciences awarded the Gegner prize to Mme. 

urie. 

In continuing their observations upon pitchblende, M. and 
Mme. Curtr, in association with Bemont, detected a second radio- 
active substance in this mineral, having entirely different chem- 
ical properties. It resembles barium closely, not being precipi- 
tated either by hydrogen sulphide, by ammonium sulphide or by 
ammonia. Its sulphate is insoluble in water and in acids, its car- 
bonate is insoluble in water and its chloride, while very soluble in 
water, is insoluble in concentrated hydrogen chloride and in alco- 
hol. The product obtained gave the barium spectrum, showing 
that the body consisted mainly of this substance. But barium is 
not radio-active ; and since radio-activity seems to be an atomic 
property, the authors attribute it to a new element associated 
with the barium. The first portions obtained were 60 times more 
active than uranium. By a series of fractional precipitations of 
the chloride with alcohol a final product was obtained 900 times 


*C, R., exxvi, 1101-1103. 
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more active. The spectrum examined by Demargay gave a char- 
acteristic line of wave-length 3814-8. In consequence the authors 
propose for the new element the name radium. Like uranium 
and thorium, polonium and radium act photographically on sensi- 
tive plates and render the surrounding air a conductor of elec- 
tricity ; though they are far more effective. An exposure of half 
a minute gives with the latter an effect equal to that of several 
hours with the former.— C. #., exxvii, 175-178, July, 1898; 1215- 
1217, 1218, December, 1898. G. F. B. 

2. On Liquid Hydrogen.—The Centenary of the Royal Insti- 
tution of Great Britain was fittingly celebrated on the 7th of June 
by an admirable lecture, by Professor Dewar, on Liquid Hydro- 
gen as an instrument of research. He had upon the lecture table 
a liter of this substance, preserved in triple vessels containing 
liquid air surrounding the hydrogen. It is transparent and has a 
well-defined meniscus ; and when the cotton plug closing the tube 
is removed, the entering air is at once frozen to a solid and falls 
to the bottom like.a precipitate. A small wad of cotton ona 
glass rod dipped into it and lighted gives the well-known hydro- 
gen flame. A small cork ball sinks at once in liquid hydrogen. 
A solid immersed in it for a few seconds becomes so cold that it 
liquefies the surrounding air on withdrawal, which runs off in 
drops; while a tube of liquid air is at once solidified in it. An 
empty bulb placed in the space above the liquid hydrogen is at 
once filled with solid air. Oxygen also becomes solid and when 
lifted out is seen gradually to melt. Though not itself magnetic 
the oxygen liquified from the air on a cotton plug cooled in 
hydrogen is drawn to the magnet. The real temperature of the 
liquid hydrogen he had found to be 21° absolute, a hydrogen gas 
thermometer and a german-silver resistance thermometer giving 
the same reading. Very perfect vacua were obtained by cooling 
tubes containing air in liquid hydrogen; so perfect indeed that 
no electric cischarge could pass through them. Comparative 
contraction of a hydrogen thermometer placed in liquid air and 
in liquid hydrogen showed that in the latter was four times 
as great as in the former. To reach the absolute zero even 
approximately two more steps must be made substantially as 
great as the one now made between liquid nitrogen and liquid 
hydrogen. 

3. On Ozomolybdates.—By digesting a molybdate of one of 
the alkali metals with hydrogen peroxide, Muramann and NaGet 
have found it possible to add oxygen to it to the extent of one 
atom of oxygen or less per atom of molybdenum. The com- 
pounds thus formed, however, cannot properly be regarded as salts 
of permolybdic acid, since they lose oxygen readily, reducing 
silver oxide and permanganic acid with evolution of oxygen. 
The apparent addition of an atom of oxygen therefore seems 
really to be a replacement of one atom of oxygen by two linked 
together as in hydrogen peroxide or ozone. _ Hence the name ozo- 
molybdates given by the authors to this class of compounds. 
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Ozomolybdic acid, H,MoO,. (H,O),(#=14?) was obtained by 
digesting molybdic oxide with a 25 per cent solution of hydrogen 
eroxide, finally on the water bath, filtering and concentrating 
the filtrate under reduced pressure. It is amorphous, and orange- 
red in color; and besides reducing permanganate, silver oxide 
and hypochlorites, it liberates the halogens from their hydrogen 
compounds. Rubidium and cesium ozomolybdates, prepared 
similarly, are described. They are crystallized and vary in color 
from yellow through yellowish red to orange-red.— Ber. Berl. 
Chem. Ges., xxxi, 1836-1844, July, 1898. G. F. B. 
4. On the Action of Charcoal in the Purification of Spirit.— 
An exhaustive investigation has been made by GLAsENAPP as to 
the part which charcoal plays in the purification of spirit. From 
the results obtained it appears that charcoal does not absorb fusel 
oil but acts chemically through the oxygen condensed in-its pores. 
The ftusel oil is oxidized to ketones and aldehydes and the latter 
partly to acids, which then to some extent act on the alcohols 
forming esters with them, these various products giving a charac- 
teristic odor and taste. Since these bodies are soluble in chloro- 
form, they would, unless previously removed, be counted as fusel 
oil in applying Rose’s well known process of analysis. Charcoal 
itself absorbs these products to a large extent; so that in fact 
spirit filtered through it often shows less aldehydes than the 
unfiltered sample. On heating the charcoal afterward to regen- 
erate it, a distillate is obtained which is rich in ethers and alde- 
hydes, though it does not contain more fusel oil than the original 
liquor. The author advises thoroughly impregnating the char- 
coal with oxygen by heating the regenerated material in a current 
of dry air. He suggests that by filtering at a somewhat higher 
temperature, a better product might be obtained.—Zeitschr. angw. 
Chem., 617-621, 1898; J. Chem. Soc., Ixxiv, 616, December, 
1898. G. F. B. 
5. On the Constitution of the Simplest Proteids.—According 
to the earlier experiments of KossrL, the molecule of the com- 
plicated proteids contains an atom-complex similar to the prota- 
mine group. Hence more accurate chemical knowledge of the 
protamines should give us an insight into the constitution of the 
albumin molecule. The author has therefore studied more care- 
fully the three following protamines: Sturine from the sperma- 
tozoa of the sturgeon, salmine from that of the salmon, and 
clupeine from herring sperm. The protamine sulphates were pre- 
pared according to a method already described, and freed from 
the last traces of nucleic acid. On adding alcohol to the evapor- 
ated solution, the protamine sulphate separates. Clupeine sul- 
hate dried at 110°-120° has the formula C,,H,.N,,0.(H,SO,).. 
t is a white powder, easily soluble in warm water. On cooling 
the solution a colorless highly refractive oil separates, which like 
the clupeine sulphate itself is levo-rotatory. Clupeine has a strongly 
alkaline reaction. Salmine sulphate probably has the formula 
C,,H,,N,,0,(H,SO,),, and differs from clupeine sulphate only in 
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having H,O more ; a difference which the author attributes to 
the mode of drying. As they have the same solubility, optical 
activity and refractive index, they are probably identical. Stu- 
rine is more soluble than the others, and its sulphate, which is an 
oil, has the probable formula (C,,H,,N,,0,),.(H,SO,),,. By 
hydrolysis, protones or peptones of the protamines are first pro- 
duced. Then the hexon bases appear, histidine, arginine and 
lysine. Clupeine gives a molecule each of histidine and lysine 
and three of arginine, while the sturine gives one molecule of 
histidine, two of lysine and three of arginine. Since proteids as 
well as protomines yield these hexon bases, it is reasonable to sup- 
pose that the albumin molecule contains a protamine complex. 
To this are attached other groups which yield the amido acids of 
the fatty series, a third group gives tyrosine, and a fourth the 
decomposition products containing sulphur.—Zedtschr. physiol. 
Chem. xxv, 165-189, 1898. G. F. B. 

6. On Hemochromogen.—Hemochromogen has been prepared 
by Von Zeynek by reducing an ammoniacal alcoholic solution of 
hematin with hydrazine hydrate in an apparatus from which 
both oxygen and moisture could be excluded. From the solution 
it is precipitated by a mixture of alcohol and ether as a red amor- 
phous mass resembling red phosphorus. As a mean of five 
analyses, the following numbers were obtained : C 63.83, H 5.66, 
Fe 9.25, N 11.48, O 9.78. Since the formula of hematin itself is 
doubtful, these numbers cannot lead to any definite conclusion as 
to the constitution of hemochromogen. When its solution in 
ammonia is neutralized with acetic acid, a voluminous brownish- 
red precipitate is thrown down which contains iron, and on 
redissolving it in ammonia shows the characteristic spectrum of 
hemochromogen. This substance appears to be the only product 
of the action of hydrazine hydrate on hematin; while with 
oxybemoglobin and methemoglobin the action goes farther, pro- 
ducing hemoglobin, then hemochromogen ; the solution becoming 
soon decolorized.— Zeitschr. Physiol. Chem., xxv, 492-506, 1898. 

G. F. 

7. Geschichte der Physikalischen Eaperimentierkunst. Von 
Dr. E. und Dr. F. TraumtLier; pp. 442. Leipzig, 
1899. (Wilhelm Engelmann.)—This volume occupies quite a new 
field. There have been histories of physics which have given an 
account of the development of physical laws and principles, but 
here we have the course of experiment detailed from the earliest 
time down to the first half of the present century. Some of the 
opening pages are given to the Egyptians and their work in 
metallurgy, and then follows an account of the discoveries of the 
Greeks and Romans, the Byzantines and Arabians until we reach 
the scientific awakening of the sixteenth century. From here on, 
one familiar subject alter another is developed, and it is highly 
interesting to see how many experiments and illustrations which 
still live in modern text-books had their origin several hundred 
years ago. The figures introduced are numerous and well chosen 
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from the original sources and add much to the general interest of 
the volume, even when not absolutely necessary for the explana- 
tion of the subject. We have, for example, the frog’s legs of 
Galvani’s classical experiment; the Magdeburg hemispheres, with 
the experimenter at work, and again with the horses attached 
attempting to pull them apart, and many others. 


II] GEoLoGy AND MINERALOGY. 


1. The Terminology of Vertebral Centra ; by G. R. W1rLtanp 

(communicated).—In the early nomenclature of paleontology 
vertebree received no definite names based on the termination of 
their centra in flat, concave, convex, or saddle-shaped surfaces. 
Instead descriptive sentences were used. Thus, Cuvier states 
that the centra of crocodilian vertebr are “ concave en avant et 
convex au derniére.” 
_ Later, Owen applied to the principal types of centra the names 
now in common use. It may be said of these terms that they 
are expressive and euphonious, but do not form a connected sys- 
tem, though this is suggested by the correspondence between 
lenses and the types of centra. 

In the following table an attempt is made to unify Owen’s 
names, and extend them into a completed system : 


Vertebree. 

LENSES. OWEN. SYSTEMATIZED. | DERIVATION. EXAMPLES. 

(Plane) Amphiplatyan Platyan Gr. mAaric, flat Plesiosaurs. 

First caudal of 

Biconvex Biconvex Cyrtean Gr. xupto¢, convex Sauropodous 
Dinosaurs. 

Biconcave ‘Amphiccelian Coelian Gr. xoi2oc, concavity IJcthyosaurs. 


Plano-convex 


Plano-concave 
Concaveplane | 
Coneavo-convex Proccelian 

Convexo-concave Opisthoccelian 


(Saddle) 


Platycyrtean 
Cyrtoplatyan 
Platycoelian 
Ceeloplatyan 


'Coelocyrtean 
Cyrtoccelian 

Ephippic 

Platyphippic, 
' etc., etc." 


- ad seriatim. 


Gr. saddle 
ad seriatim. 


Cardiodon. 

{ First sacral of ex- 
isting Crocodilia. 
Pythonomorphs. 
Streptospondylus. 
Aves, 


The proposed changes in these adjectives require little further 


explanation. 


In describing a given centrum the anterior face is 


always taken first, and the centra further described adjectively 


when necessary, as a 


t present. 


For example, the cervical verte- 


bre of Chelydra serpentina would be described as follows :— 
The third cervical is cyrtocelian, the fourth cyrtean, the fifth 
and sixth are celocyrtean, with the posterior, or cyrteal, face of 


the latter nearly flat and very broad; the seventh is platyan with 
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very broad faces, the hinder being slightly convex, while the 
eighth like the filth and sixth is celocyrtean, but differs from 
the others in the expansion of its neural spine and the arching 
backward of its postzygapophyses over the convex prezygapoph- 
yses of the first dorsal upon which the former play backward 
and forward. (Cf. Huxley’s Anatomy of Vertebrated Animals, 
London, 1871, p. 171.) 

2. Cycadean Monecism ; by G. R. WieLtanp (communicated). 
—The living and fossil Cycads, so far as hitherto observed, are 
dicecious. Hence, it is important to note that certain Mesozoic 
species from the Black Hills, now in the Yale Museum, and 
referred to the genus Cycadeoidea as commonly employed, have 
been recently found to be monecious. These possess essentially 
the types of male and female fructification described by the writer 
in his preliminary papers on a Study of American Fossil Cycads, 
Parts I-III (this Journal, March-May, 1899). 

The species there recorded as diccious are probably of that 
nature. All the evidence at present available strongly points 
to the diwcism of Cycadeoidea Colei, C. turrita, C. Wielandi, 
C. ingens, etc. On the contrary, other species in full fruit 
recently studied bear typical male and female fructifications on 
the same trunk. Of these may be mentioned Cycadeoidea Minne- 
kahtensis, C. Wellsi, C. Dacotensis, etc. The limits of this mone- 
cism and diccism can not be determined without abundant 
material and a long series of observations, Fortunately, the 
richness of the Yale collection will go far towards solving this 
problem. 

The condition of monecism in Cycads thus places this group 
of plants one step nearer the conifers. Nevertheless, in view of 
the fact that the Cycads of the Black Hills Jurassic were so pro- 
liferous in habit, it is not surprising that monewcious forms should 
occiir, especially when the great variability of gymnosperms in 
this respect is considered. That these Mesozoic species, so closely 
related as to have been included in a single genus, should be 
found to possess both kinds of unisexuality, however, adds great 
interest to the Cycadec, as well as an important chapter to the 
knowledge of sexual characters in plants. 

3. Sur Stereosternum tumidum, Cope ; by H. B. Geryirz. Ann. 
Soc. géol. de Belg., xxv, 8 pages, and one large double-page plate, 
1899.—Dr. Geinitz reproduces, by some photographic process, the 
forms of two fine specimens of this species obtained from the 
?Permian beds of Sio Paulo (Brazil), and now in the Royal 
Museum of Mineralogy at Dresden. In the text, the formations 
and known fossil associates, as well as the biological characters of 
the specimens, are defined. Though believed to be Permian, the 
exact age of the beds is not established beyond controversy. 
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SYSTEMATIC COLLECTIONS 
For teaching MINERALOGY, GEOLOGY and ZOOLOGY a specialty. Single specimens also 


furnished. 
RELIEF MAPS AND MODELS. 

The one establishment in America where correct and artistic work in this line is done. 
Send for list of 48 Relief Maps for Schools and Colleges. 

LANTERN SLIDES, CHARTS, ETC. 
METEORITES. 

A good price paid for all kinds. Have the best machinery for cutting and polishing. Have 
now on hand for sale about FOUR TONS OF METEORITES from 40 cents to $200 per Ib. Among 
them are Cafion Diablo complete, 40 cents to $1.00 per pound. Polished and etched sections 4 
to 5 cents per gram. 


Per Gram. Per Gram. 

Tolu * 8to 5 cents. Cross Roads (5), . 8.00 
El Capitan (1), - Wto2w New Concord, 5tol0cents 
Cherokee (1), - Winnebago, . ‘ 8to1ls “ 

Rockwood (2), . Sto8s Kessen, . ‘ = 
Dofia Inez (8), - * Pultusk, ‘ * 
Llano del Inca (8), * Mt. Joy o « SOB * 
Fayette Co (4), . 


(1) Described in this Journal Sept., 1895. (2) Ibid Nov., 1887. (8) Proc. Roch, Acad. Sci. 
Vol.1. (4) This Journal Aug., 1888. (5) Ibid July, 1893. (6) Ibid June, 1894. (7) Ibid Nov., 1892. 


EDWIN E. HOWELL, 612 17th St., N. W., Washington, D. C. 


FINE AMBER BARITES. 


We have just received a fine lot of these beautiful Barites in single crystals 34 


to 6 inches long. Prices from 25c. to $1.25; a few groups $4, $5 and $6. Cal- 
cites, Egremont, singles, twins and groups. Stanks, Bigrigs and Pallaflats, Dolo- 
mite, Blends, Hematite and Quartz. Bright Kidney Ores and Fluorites. 

Calcite Red. Red tinted and half-enveloping crystals. Prices the lowest. 

Also fine American minerals, A few small but good Zaratite and Genthite 
specimens on Chromite from Pennsylvania. 

Specimens sent on approval to experienced collectors. 

Special attention has been given to our laboratory department to have material 
as pure as possible. 

Laboratory list on application. 


T. J. LEWIS, 


218 Summit Street, - Norristown, Pa. 


ZZ; 


METEORITES. 


MURPHY. 


This iierosiderite was found about April, 1899, near Murphy, Cherokee 
County, N. C., and was obtained in its entirety by us. We have cut it par- 
allel to the iarger end; so that each slice gives a complete section through 
the meteorite. These are etched upon one side ard show well marked 
Neumann figures; small troilites also appear in all. We offer the following 
sections: 

202 grammes 576 grammes................ 
370 grammes 1054 grammes 
502 grammes 1540 grammes (end piece) 200 


The smaller end of this iron had been broken off with a hammer by the 
original finder. This piece has been cut vertically, giving two broad sec- 
tions showing the exterior of the iron on one surface. These pieces we offer 
as follows: 


259 grammes $40 293 grammes 


One section shows upon the unetched surface the fractured face, upon 
which the crystalline structure is well shown. 217 grammes, $40. 

One of the smaller pieces has been reserved for re-sectioning, and will be 
cut to order at the following rates: 
10 grammes or less, per gr... $0.50 50 grammes 
25 grammes 100 grammes 


This meteorite will be noted in a forthcoming issue of the American Journal of Science. 


NESS COUNTY. 


Since announcing this find in the American Journal of Science, Vol. VII, 
p. 233, several other stones of the same fall have been found and have come 
into our hands. At present we have, besides a fraction of the original stone, 
but a single specimen. 

This is sub-pyrimidical in form, without a single break in the cryst cover- 
ing it, and weighs 1570 grammes. It isa handsome specimen and will be 
sold for $125. Of the original stone we can still furnish the following pieces 
with both cut and broken surfaces: 

4 grammes $2.75 20 grammes 
17 grammes 22 grammes 


Send for list of other meteorites we have for sale. 
— 


Waro's Naturat ESTABLISHMENT, 


30—40 COLLEGE AVE., ROCHESTER, N. Y., U.S.A. 


| 
| 
| $45 
140 $55.00 


COLLECTIONS OF THIN-SECTIONS FOR PRACTICAL 
MICROSCOPIC-PETROGRAPHICAL STUDY. 


I. New collections of well-mounted thin-sections of rock-forming minerals, con- 
taining the most important rock-forming minerals, arranged according to 

H. Rosenbusch: Microskopische Physiographie der Mineralien. 

3rd Edition, Stuttgart, 1897. 
120 thin-sections of 67 different minerals in elegant case, -------.- <ee QS 
50 ed 34 17.50 

II. Collections of thin-sections of rocks containing all important types of rocks 

as mentioned by 
H. Rosenbusch: Microsk. Physiographie der Gesteine. 
3rd Edition, Stuttgart, 1896. 

To each one of them: will be added a brief printed description of all the speci- 
mens and sections (by Prof. Dr. K. Busz, Minster, Germ.) in order that the student 
himself may be able to recognize and determine the constituents of the rocks. 
Three such collections will be provided. 


1. Collection of 120 thin-sections in elegant case,........-------------- $38.00 
Together with the 120 specimens—size 84x llem, ....-...----.--- 63.00 
2. Collection of 180 thin-sections in elegant case,....---...------------ 56.00 
Together with the 180 specimens—size 84 x llem,....-..--------- 98.00 
3. Collection of 250 thin-sections in elegant case,_..........-----.------ 81.00 
Together with the 250 specimens—size 84 x llem,...._-...----.--- 144.00 


III. Collection of rock-forming minerals arranged according to 
F. Zirkel: Lehrbuch der Petrographie. 
2nd Edition, Leipzig, 1893-94. 
In connection with these we provide the collections of thin-sections of rock- 
forming minerals to demonstrate the mode of occurrence of the minerals of the 
above named collection in the rocks, 


115 Thin-sections of minerals in elegant case, ..........----------.---- 32.50 


THE NEW CATALOGUE OF MINERALS, 
containing also list of mineral collections, collections of thin-sections of minerals, 
etc., and of meteorites, has just been published and will be sent post free on 


application. 
ROCKS OF THE ODENWALD. 

Complete collection of the most interesting rocks of the Oden- 
wald Mts. in Germany, including all dike rocks ( Orbite, Luciite, Malchite, Beer- 
bachite, etc.) mentioned in the new Microscopic Physiography of Rocks by H. Rosen- 
busch, arranged by Professor D. C. Chelius, of Darmstadt. 

Collection of 100 thin-sections in elegant case, $30.00 
Together with the 100 specimens—size, 83x llem,_.....-.-------.----- 50.00 

N. B.—All thin sections will be microscopically examined before being de- 
livered. We can therefore guarantee their perfect reliability and that they ex- 
hibit all the characters and phenomena mentioned in the above named descriptions. 

NOVELTIES. Klinozoisite, Fuggerite, Nat. Humus acid; from Greenland: 
Parisite, Catapleiite isolated crvstals, Neptunite, Epididymite, Elpidite, Steens- 
trupine, Rinkite, Anigmatite, Natron-Berzeliite, Pyroaurite; from Sweden: 
Edingtonite-cry: stals; from France; Gonnardite, Chaleomorphite. Minerals and 
Fossils for single specimens or in collections, bought or exchanged. 

New editions of the following lists have come out and will be sent on demand: 

Supplements 1 and 2 to Catalogue IV ; New Rocks. 

Catalogue V*: Professor Groth’s collection of 396 crystal-models in wood. 

Catalogue VIII*: Prof. Hintze’s student collection of 150 crystal-models in wood. 

Catalogue XI: Prof. Vrba’s Collection of 280 crystal-models in paste-board. 

Catalogue XII: Professor Baumhauer’s collection of 102 crystal-models in 
plate-glass. 

List of new acquisitions of excellent fossils. 
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NOW READY 


A FIRST APPENDIX 


TO THE SIXTH EDITION OF 


DANA’S SYSTEM OF MINERALOGY. 


Seventy-five pages, with Introduction containing Bibliography, Classified 
List of New Species, etc. 

This Appendix completes the System to and including the early part of 
1899. It contains descriptions of all the numerous species announced as new 
since the publication of the main work in 1892. It also gives references, 
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